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SECTION  I - INTRODUCTION 


PuXppse 

^This  report  delineates  one  major  element  in  the  Southeastern 
Michigan  Wastewater  Management  Program.  Presented  herein  are 
schematic  designs  and  cost  data  for  facilities  to  treat  domestic  and 
industrial  wastewater,  and  surface  runoff  resulting  from  precipita- 
tion events.  Facilities  have  been  outlined  to  meet  both  present 
Michigan  water  quality  standards  and  more  stringent  criteria  which 
may  be  applicable  in  the  foreseeable  future. 

Conventional  primary,  secondary,  and  advanced  waste  treatment 
processes  provide  one  approach  to  maintaining  a high  quality  aquatic 
environment  in  the  southeastern  Michigan  region.  The  information 
contained  in  this  report  provides  the  basis  for  evaluating  this 
alternative  for  wastewater  renovation.  Further,  the  information 
is  presented  on  a unit  process  basis  so  that  it  can  be  applied  in 
various  combinations  with  physical-chemical  or  land  disposal  arrange- 
ments to  arrive  at  the  most  cost  effective  management  program  for 
the  study  region. 


Scope 


This  study  and  report  encompasses  the  following  specific  elements: 

1.  Field  inspection  and  office  review  of  existing  wastewater 
treatment  sites  and  facilities  designated  for  inclusion  in 
the  Wastewater  Management  Program. 

2.  Review  and  evaluation  of  wastewater  flows  and  quality  profiles 
for  each  designated  location. 

3.  Review  of  the  current  State  of  Michigan  water  quality  cri- 
teria. 

4.  Review  and  analysis  of  the  Corps  of  Engineers  prescribed 
effluent  quality  goals. 

5.  Derivation  of  alternative  treatment  schematics  to  meet  both 
present  Michigan  and  future  Corps  of  Engineers  criteria 
including  the  following  unit  processes: 

a.  Primary  treatment. 

b.  Phosphate  removal 
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c.  Biological  treatment. 

d.  Advanced  waste  treatment. 

e.  Sludge  handling  and  disposal. 

f.  Disinfection. 

6.  Development  of  capital  and  annual  cost  estimating  curves 
for  each  unit  process  included  in  the  study. 

7.  Adaptation  of  treatment  approaches  to  incorporate  existing 
facilities  where  possible. 

8.  Analysis  of  treatment  alternatives  with  regard  to  costs, 
reliability,  flexibility,  power,  chemical,  and  other  resource 
requirements,  and  regional  environmental  impacts. 

9.  Selection  of  the  preferred  treatment  arrangement  for  each 
location  to  handle  the  specified  volume  of  sanitary  waste- 
water  or  storm  runoff. 

10.  Summarization  of  costs,  on  a unit  process  basis,  for  the 
final  plan  at  each  location  including  total  and  amortized 
capital  cost,  annualized  replacement  cost,  and  annual  opera- 
tion and  maintenance  expenses. 

Sources  of  Data 

Following  are  sources  of  data  upon  which  evaluations,  conclusions, 
and  recommendations  are  based. 

1.  Reports,  studies  and  other  information  from  federal  and  state 
agencies,  individual  communities,  and  planning  bodies  as 
follows : 

U.  S.  Army  Corps  of  Engineers 

"Alternatives  for  Managing  Wastewater  for  Southeastern 
Michigan,  Summary  Report,  Detroit  District,  July  1971." 

"Alternatives  for  Managing  Wastewater  for  Southeastern 
Michigan,  Appendices,  Detroit  District,  July  1971." 

"A  Pilot  Wastewater  Management  Program  for  Chicago,  Cleve- 
land, Detroit,  San  Francisco,  and  the  Merrimack  Basin,  Office, 
Chief  of  Fngineers,  March  1971." 

"Wastewater  Management  Program,  Feasibility  Study  Procedure, 
Office  of  Engineers,  March  1971." 

"Wastewater  Management  Program  Study  Procedure,  Office,  Chief 
of  Engineers,  May  1972." 
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"Southeastern  Michigan  Water  Resources  Study,  Technical 
Paper  No,  3,  Gazetteer  of  the  Black  River  Basin,  Detroit 
Corps  of  Engineers,  June  1969." 

"Rainfall  Data  for  Southeastern  Michigan,  Detroit  District." 

"Wastewater  Management  Program  - Program  and  Study  Guidance, 
Office,  Chief  of  Engineers,  November  1971." 

"Detroit  District  Wastewater  Management  Survey  Scope  Study, 
Detroit  District." 

"Analysis  of  Detroit  Metropolitan  Water  Department's  Sewage 
Treatment  Facilities,  April  1972." 

Other  Federal  Agencies 

"Interim  Report  of  the  Secretary  of  the  Army  on  the  Pilot 
Wastewater  Management  Program,  August  1971." 

"Geologic  and  Hydrologic  Studies  of  Three  Areas  in  Southeast 
Michigan,  United  States  Department  of  the  Interior,  January 
1972." 

"Water  Resource  Data  for  Michigan,  Part  1 Surface  Water 
Records,  United  States  Department  of  the  Interior,  1966- 
1970." 

State  and  Interstate  Agencies 

"Summary  Report  on  Pollution  of  the  St.  Marys  River,  St.  Clair 
River  and  Detroit  River,  International  Joint  Commission 
Advisory  Board,  September  1968." 

"Use  Designation  Areas  for  Michigan's  Intrastate  Water  Quality 
Standards,  March  1969." 

"Plans  for  Water  Quality  Management  Phase  I,  Southeastern 
Michigan  Area,  Water  Resources  Commission,  Department  of 
Natural  Resources,  State  of  Michigan,  September  1971." 

"Southeast  Michigan  Regional  Water,  Sewage  and  Storm  Drain- 
age Facilities  and  Plans,  Southeast  Michigan  Council  of 
Governments,  November  1971." 

Municipal  and  Regional  Treatment  Agencies 

"Detroit  Water  Development  Program  for  Southeastern  Michigan 
1966-2000,  City  of  Detroit,  July  1966." 

"Pollution  Control  Program  for  the  Detroit  Regional  Watershed, 
Detroit  Water  Service,  1966." 

"The  119th  Annual  Operating  Report  for  the  Fiscal  Year  Ended 
June  30,  1971,  Detroit  Metro  Water  Department." 

"Detroit  Metro  Water  Department  Progress  Report  on  Pollution 
Control,  February  1971." 

"Engineering  Report  on  Waste  Treatment  Facilities  for  City 
of  Monroe,  Monroe  Township,  Frenchtown  Township,  and  the 
Monroe  Paper  Industry,  County  of  Monroe,  Michigan,  May  1967." 
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"Preliminary  Report  on  Wastewater  Treatment  for  Port  Huron, 

Michigan,  February  1969." 

"Official  Pollution  Control  Plan  for  Port  Huron  Metropolitan 
Area  Michigan,  July  1970." 

"Data  for  Basis  of  Design-Wastewater  Treatment  Plant,  Port 
Huron,  Michigan,  May  24,  1972." 

"Addendum  to  March  1967  Bases  of  Design,  Wayne  County  Down  t 

River  Sewage  Disposal  System,  Wyandotte  Plant,  January  1971." 

"Engineering  Report  on  Proposed  Expansion  of  Wastewater 
Treatment  Plant  Serving  Ira  Township,  Clay  Township,  and 
City  of  Algonac,  June  1971." 

"St.  Clair  Sewage  Disposal  System  No.  3,  Wastewater  Treat- 
ment Plant,  East  China  Township,  1972  Expansion." 

Planning  Agencies 

"Community  Facilities  Plan,  Water  and  Sewage  Plan,  Recrea- 
tion Plan  and  County  Buildings  Plan,  Lenawee  County  Plan- 
ning Commission,  March  1970." 

"Background  for  Planning,  Lenawee  County,  Michigan  Compre- 
hensive Planning  Program,  June  1969." 

2.  Discussions  with  wastewater  treatment  equipment  manufacturers. 

3.  Discussions  and  correspondence  with  personnel  from  the 
Detroit  District,  U.  S.  Army  Corps  of  Engineers;  Office, 

Chief  of  Engineers  U.  S.  Army  Corps  of  Engineers;  State  of 
Michigan  Water  Resources  Commission;  and  existing  treatment 
plant  operating  staffs. 

4.  Discussions  with  special  consultant  to  the  Detroit  District 
U.  S.  Army  Corps  of  Engineers,  Dr.  Walter  Weber,  University 
of  Michigan. 

5.  Review  of  technical  reports,  publications  and  periodical 
literature. 

6.  A report  entitled  "Wastewater  Treatment  Unit  Processes, 

Estimating  Costs  1972,"  prepared  by  Stanley  Consultants 
as  Phase  I input  to  this  Wastewater  Management  Program. 
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SECTION  II  - BACKGROUND  AND  METHODOLOGY 


Plan  Selection 

As  the  first  phase  of  this  study,  unit  processes  were  planned 
for  ten  wastewater  treatment  plants.  These  plants  were  designed 
to  meet  the  State  of  Michigan  effluent  standards  and  Corps  of 
Engineers  prescribed  effluent  goals.  Flow  schematics  were  developed 
for  each  plant  to  meet  the  two  different  effluent  criteria  and  for 
the  specified  volumes  of  municipal-industrial  and  stormwater  flow. 
Several  sludge  handling  arrangements  were  also  evaluated. 

Based  on  data  presented  to  the  Detroit  District  as  a result 
of  Phase  1 investigations,  a total  of  fourteen  wastewater  treatment 
plants  were  selected  for  further  refinement  in  Phase  II.  Locations 
of  the  plants  are  shown  in  Figure  1.  Seven  plants  were  designated 
to  treat  municipal  and  industrial  wastes  and  seven  plants  as  storm- 
water treatment  plants.  At  several  of  the  locations,  different  plant 
arrangements  have  been  considered  to  handle  specified  alternative 
flow  rates. 

Wastewater  collection  facilities  were  not  within  the  scope  of 
this  segment  of  the  study.  Facilities  which  were  investigated 
include:  preliminary,  primary,  secondary,  and  advanced  wastewater 

treatment  unit  processes;  sludge  treatment  and  disposal  approaches; 
and  inter-plant  and  effluent  discharge  piping. 

Municipal  and  Industrial  Wastewater  Treatment  Plants  - The  seven 
municipal  and  industrial  wastewater  treatment  plant  locations  and  the 
specified  average  flow  rates  are  as  follows: 


Location 

Flow 

Adrian 

12  mgd 

Port  Huron 

2 A mgd 

Monroe 

AO  mgd 

Wayne  County 

125  mgd 

Mouth  of  Huron 

River 

A 00  mgd 

Mouth  of  Huron 

River 

525  mgd 

Detroit 

806  mgd 
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CONNER  CREEK 


,»AYNE  COUNTY 


MUNICIPAL  AND 
INDUSTRIAL 
•ASTEAATER 
treatment  PLANT 


MOUTH  OF  HURON 
Rl  VER 


MONROE  COUNTY 


Stormwater  Treatment  Plants  - Stormwater  treatment  plants  were 
designated  to  treat  urban  runoff  and  wet  weather  overflow  from  com- 
bined sewer  systems.  Stormwater  storage  facilities  will  be  provided 
to  reduce  peak  flow  rates  to  the  treatment  plants  and  also  to  provide 
a more  uniform  treatment  rate.  The  analysis  presented  herein  con- 
siders only  the  facilities  necessary  to  treat  stormwater  as  pumped 
from  storage;  evaluation  of  collection,  transmission,  and  storage 
facilities  is  outside  the  scope  of  this  study. 

The  seven  stormwater  treatment  plants  and  the  specified  treat- 
ment rates  are  as  follows: 


Location 

Flow 

East  China 

1 25  mgd 

Plymouth  or  Ypsilanti 

225  mgd 

Macomb  County 

400  mgd 

Conner  Creek 

600  mgd 

Monroe  County 

1 , 000  mgd 

Conner  Creek 

1,200  mgd 

Monroe  County 

1,400  mgd 

Wastewater  Profiles 

Evaluation  of  available  municipal  and  industrial  wastewater 
characteristics  and  projections  of  current  trends  in  water  use  and 
industrial  pretreatment  practices  have  been  considered  in  establish- 
ing wastewater  profiles  for  the  proposed  plants  in  the  study  area. 
Average  dry  weather  constituent  profiles  used  for  the  design  of  the 
municipal  and  industrial  wastewater  treatment  plants  are  presented 
in  Table  1. 

The  assumption  has  been  made  that  the  equivalent  of  primary 
treatment  will  be  achieved  in  the  stormwater  storage  facilities 
prior  to  pumping  to  the  proposed  treatment  facilities.  The  con- 
stituent profiles  used  for  design  of  stormwater  treatment  plants  are 
presented  in  Table  2. 
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TABLE  1 

DRY  WEATHER  SANITARY  WASTEWATER  PROFILES 

Detro i t 

Mouth  of  Huron  River 
Wayne  County 


Port  Huron 

Monroe 

Adrian 

B0D5 

mg/1 

132 

174 

225 

COD 

mg/1 

350 

348 

500 

Suspended  Sol  ids 

mg/1 

226 

143 

300 

Volatile  Suspended 
Sol  ids 

mg/1 

oo 

ur\ 

100 

250 

Settl eabl e Sol  ids 

mg/I 

129 

136 

NA 

Phosphates-P 

mg/1 

11.7 

13 

13 

Ammonia'N 

mg/1 

7.5 

11.3 

10 

N i trates-N 

mg/1 

0.051 

NA 

0.4 

N i t r i tes-N 

mg/1 

0.002 

0.01  1 

NA 

Organic-N 

mg/1 

13.3 

3.1 

15 

Cyan ide 

mg/I 

NA 

NA 

1 .0 

1 ron 

mg/1 

8.03 

1 .48 

10 

Copper 

mg/1 

0.36 

0.07 

0.5 

Cadm i urn 

mg/1 

0.015 

NA 

0.015 

N ick  1 e 

mg/1 

0.52 

0.01 

0.5 

Z i nc 

mg/1 

0.44 

0.05 

0.5 

Lead 

mg/1 

0.16 

0.13 

0.2 

Phenol s 

yg/i 

588 

40 

NA 

0 i 1 and  Grease 

mg/l 

71 

43 

45 

Coliforms  MPN/100  ml 

21 .6  x 106 

51.6  x 106 

NA 

Chlorides 

mg/l 

184 

NA 

NA 

pH 

range 

6.8  - 7.5 

6.6  - 7.4 

NA 

NA  - Data  not  avai 

Jable. 
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STORMWATER  PROF  I 
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AS  PUMPED  FROM  STORAGE 


t China 


or  Yps i 1 ant i 
nb  County 

Conner  Creek 
Monroe  County ' ' 

Monroe 
County ' 

30 

*5 

i 

1)0 

90 

120 

100 

1)00 

250 

300 

IOC 

75 

75 

6 

7 

6.5 

160 

125 

120 

20 

30 

25 

3 

7 

A. 5 

1.5  1 1 
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Existing  Wastewater  Treatment  Facilities 

The  municipal  and  industrial  wastewater  treatment  plants  at 
Adrian  and  at  the  Mouth  of  the  Huron  River,  as  proposed,  are  completely 
new  plants.  The  remaining  four  plants  are  designed  to  take  maximum 
advantage  of  existing  facilities.  An  evaluation  has  been  made  of  each 
plant  to  determine  the  feasibility  of  fitting  existing  unit  processes 
into  the  new  treatment  arrangements. 

At  the  present  time  there  are  no  major  facilities  within  the 
study  area  exclusively  for  the  treatment  of  stormwater.  Therefore, 
all  proposed  stormwater  treatment  plants  have  been  developed  as 
entirely  new  facilities. 

For  the  purpose  of  this  investigation,  existing  facilities  are 
designated  as  those  presently  in  operation,  those  now  under  construc- 
tion, and  those  which  are  planned  and  will  be  constructed  prior  to 
about  1975.  Flow  schematics  and  descriptions  of  existing  facilities 
have  been  developed  from  information  obtained  from  field  inspections, 
design  outlines,  and  detailed  plans  and  specifications.  Data  is 
presented  for  the  plants  at  the  following  four  locations  which  have 
been  incorporated  into  the  master  plan  for  municipal  and  industrial 
wastewater  treatment  for  the  study  area. 

Detroit  Metro  Wastewater  Treatment  Plant 
Monroe  Wastewater  Treatment  Plant 
Port  Huron  Wastewater  Treatment  Plant 
Wayne  County  Wastewater  Treatment  Plant 
Detroit  Metro  Wastewater  Treatment  Plant  - A flow  schematic  of 
the  existing  facility  is  shown  in  Figure  2.  Raw  wastewater  arrives 
at  the  plant  through  12  and  16-foot  diameter  interceptor  sewers. 

The  average  daily  flow  has  recently  been  about  750  mgd  with  a maxi- 
mum daily  flow  of  1,400  mgd.  Peak  daily  rates  of  about  900  mgd  occur 
exclusive  of  wet  weather  flow.  Two  115  mgd,  four  150  mgd,  and  two 
180  mgd  centrifugal  pumps  lift  the  wastewater  about  40  feet  to 
mechanically  cleaned  bar  screens.  Eight  constant  velocity  grit 
chambers,  125  feet  long,  with  mechanical  scrapers,  follow  the  bar 
racks . 
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Primary  sedimentation  is  accomplished  in  12  old  rectangular  and 
two  new  circular  clarifiers.  Each  rectangular  tank  is  243  feet  long 
with  seven  14-foot  wide  flights  for  sludge  collection  and  scum 
removal.  The  average  water  depth  is  14  feet.  The  two  new  primary 
circular  clarifiers  are  250  feet  in  diameter  with  a sidewater  depth 
of  11  feet  and  a center  depth  of  about  28  feet.  They  are  center 
feed  type  with  peripheral  weirs. 

Primary  sludge  of  about  0.8  to  1 mgd  is  presently  dewatered  on 
twelve  cloth  media  vacuum  filters  each  with  a 505  square  foot  area. 
Polymers  are  the  only  chemicals  used  for  sludge  conditioning.  Sludge 
drying  lagoons  are  available  foi  standby  holding,  should  vacuum  fil- 
ters be  inoperative.  Filter  cax.e  is  incinerated  in  six  incinerators 
equipped  with  wet  scrubbers  to  control  air  pollution.  Construction  is 
proceeding  on  sixteen  new  vacuum  filters,  each  with  an  area  of  754 
i square  feet,  and  with  building  space  provided  for  a total  of  20  new 

units.  Construction  is  also  underway  for  six  new  sludge  incinerators. 

An  expansion  currently  is  underway  at  the  Metro  plant,  costing 
approximately  $200  million.  Improvements  consist  of  the  previously 
mentioned  vacuum  filters  and  incinerators  as  well  as  activated  sludge 
aeration  tanks  and  final  settling  tanks.  It  is  anticipated  that  the 
expansion  will  be  completed  and  in  operation  by  November,  1973. 

The  planned  activated  sludge  aeration  tanks  are  being  constructed 
in  a manner  which  permits  comparison  of  conventional  aeration  with 
oxygenation.  Two  identical  tanks  are  being  constructed  side  by  side. 
One,  utilizing  conventional  air,  is  designed  as  a step  aeration  unit 
and  is  rated  at  150  mgd.  The  other  tank  is  constructed  for  pure 
oxygen  application  with  a four  stage  flow-through  pattern  and  is 
rated  at  300  mgd  capacity.  The  aeration  tanks  will  be  30  feet  deep 
> and  aeration  will  be  accomplished  by  the  use  of  air  diffusers  located 

approximately  15  feet  from  the  tank  bottoms. 

Eight  new  200-foot  diameter  rim  feed-rim  discharge  final  clarifiers 
are  presently  under  construction.  Waste  activated  sludge  and  primary 
sludge  will  be  mixed  and  thickened  in  six  gravity  thickeners. 
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Primary  effluent  from  the  existing  plant  is  chlorinated  with 
the  effluent  conduit  to  the  Detroit  River  providing  the  required 
contact  time.  New  chlorination  facilities  are  being  constructed 
that  will  provide  15  minutes  contact  for  a flow  of  1,400  mgd . 
Effluent  from  the  expanded  plant  will  be  discharged  to  the  River 
Rouge . 

Monroe  Wastewater  Treatment  Plant  - Monroe  is  completing 
construction  of  a new  secondary  (activated  sludge)  treatment  faci- 
lity to  treat  a combination  of  domestic  and  paper  mill  wastewaters. 
The  old  primary  treatment  plant  will  be  used  for  treatment  of  the 
domestic  portion  of  the  wastewater  stream  only.  The  domestic  waste- 
water  flow  averages  between  5 and  6 mgd  while  paper  mill  flows  are 
anticipated  to  be  16  to  17  mgd.  A schematic  diagram  of  the  facility 
is  shown  in  Figure  3. 

At  the  old  primary  facility,  raw  domestic  wastewater  first 
passes  through  a mechanically  cleaned  bar  screen  sized  to  handle 
hydraulic  flows  up  to  26  mgd.  Screenings  are  hauled  away  to  a 
landfill.  Screened  wastewater  is  lifted  to  a detritor  grit  chamber 
with  a maximum  capacity  of  11.2  mgd.  Three  constant  speed  raw 
waste  pumps  with  capacities  of  2,  4,  and  6 mgd  are  provided  along 
with  one  6 mgd  variable  speed  unit.  Flow  is  metered  through  a 
venturi  tube,  prior  to  passing  to  two  circular  primary  clarifiers, 
designed  for  a total  flow  of  9.6  mgd. 

The  new  secondary  treatment  facilities  recently  placed  in 
operation  are  designed  to  treat  paper  mill  wastewaters  along  with 
the  domestic  primary  effluent.  The  combined  flow  first  passes 
through  a mechanically  cleaned  bar  screen.  Three  18  mgd  variable 
speed  pumps  lift  the  wastewater  to  the  six  aeration  basins. 

Each  aeration  basin  consists  of  two  chambers.  The  flow  pattern 
permits  operation  as  either  a plug  flow  or  step  aeration  process. 

The  basins  are  designed  for  a 24  mgd  flow,  a detention  time  of 
6 hours,  and  a design  loading  of  48  pounds  BQD^/1,000  cu  ft/day. 
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Four  final  clarifiers  are  provided,  each  105  feet  in  diameter 
with  a side  water  depth  of  12  feet.  A chlorine  contact  tank  provides 
15  minutes  detention  for  a flow  of  36.5  mgd,  prior  to  effluent  dis- 
charge to  the  River  Raisin. 

Two  flotation  units,  of  the  partial  pressurization  type,  by 
Rex  Chainbelt,  are  used  for  thickening  waste  activated  sludge.  The 
units,  each  with  a surface  area  of  800  square  feet,  are  expected  to 
thicken  the  waste  activated  sludge  to  4 percent  solids. 

Existing  old  anaerobic  digesters  will  be  used  as  sludge  holding 
tanks.  Sludge  dewatering  will  be  accomplished  with  two  coil  vacuum 
filters  with  a total  area  of  720  square  feet.  Equipment  is  provided 
for  sludge  conditioning  with  ferri.  chloride  and  lime.  Sludge  will 
be  incinerated  in  a multiple-hearth  furnace,  equipped  with  wf t 
scrubbers,  presently  in  the  design  stage.  It  is  anticipated  that 
the  incinerator  will  be  in  operation  in  1974. 

Port  Huron  Wastewater  Treatment  Plant  - The  Port  Hurcn  plant  is 
located  on  the  bank  of  the  St.  Clair  liver  at  the  junction  of  the 
Black  River,  several  miles  south  of  Lake  Huron.  This  site  is  just 
downstream  from  the  downtown  business  area  and  is  surrounded  by 
commercial  and  residential  establishments.  The  plant  serves  a 
Port  Huron  population  of  approximately  40,000.  The  City  has  combined 
storm  and  sanitary  sewers  with  by-pass  structures  for  storm  water 
overflow. 

Bids  were  opened  May  24,  1972,  for  new  secondary  treatment 
facilities  that  also  include  remodeling  of  portions  of  the  existing 
plant.  A flow  diagram  of  the  facility  including  proposed  modifi- 
cations is  shown  in  Figure  4. 

Extensive  revision  to  existing  facilities  is  planned.  A 
contract  was  awarded  in  the  spring  of  1972  and  it  is  anticipated 
that  the  new  expansion  will  be  in  operation  by  late  1975.  Bar 
screens  will  be  modified  to  pass  flows  up  to  60  mgd.  Existing  electric 
pumps  will  be  replaced  with  new  pumps  to  bring  the  total  capacity  to 
60  mgd.  Existing  gas  engine  pumps  will  be  retained  as  standby  units. 
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ST.  CLAIR  RIVER 


FIGURE  4 


The  existing  grit  removal  facilities  will  be  replaced  with 
three  new  aerated  grit  chambers  with  mechanical  scum  and  grease 
removal  facilities  for  a maximum  flow  of  60  mgd. 

Eight  new  rectangular  primary  settling  tanks  will  provide  for 
a flow  of  12  mgd.  Chemical  treatme:’*-  facilities  will  be  provided 
for  phosphate  removal.  This  will  bring  the  total  treatment  capacity 
to  24  mgd . 

Maximum  hydraulic  capacity  of  the  preliminary  and  primary 
treatment  system  will  be  about  60  mgd.  A primary  effluent  reservoir 
with  capacity  of  6 million  gallons  will  reduce  the  peak  wet  weather 
flow  to  the  secondary  portion  of  the  plant.  High  flows  from  33  to 
60  mgd  will  be  diverted  to  the  basin  and  then  pumped  back  through 
the  aeration  tanks  as  the  flow  returns  to  normal.  Three  step-aeration 
tanks  will  provide  for  treatment  of  a maximum  of  33  mgd. 

Three  final  settling  tanks  will  provide  a total  capacity  of 
33  mgd  at  two  hours  detention  time.  Waste  activated  sludge  and 
primary  sludge  will  be  stored  in  the  existing  sludge  digesters 
which  will  be  converted  to  sludge  holding  tanks.  Sludge  treatment 
will  consist  of  heat  treatment,  centrifugation,  and  incineration 
using  a fluidized  bed  reactor. 

Wayne  County  Wastewater  Treatment  Plant  - The  existing  Wayne 
County  Treatment  Plant  provides  primary  treatment  and  chlorination. 

The  existing  treatment  plant  was  enlarged  during  1971  and  is  presently 
designed  for  an  average  flow  of  100  mgd  with  a maximum  hydraulic 
capacity  of  200  mgd.  Expansion  in  the  near  future  will  add  secondary 
treatment  along  with  80  percent  phosphate  removal.  A schematic  flow 
diagram  of  the  facility  is  shown  in  Figure  5. 

Bar  screens  and  raw  waste  pumping  provide  a firm  capacity  of 
200  mgd.  The  screenings  can  be  ground  and  returned  to  the  wastewater 
flow  or  hauled  to  a landfill  for  disposal.  Grit  is  removed  in  two 
detritor  grit  chambers  and  two  aerated  units.  Each  unit  is  rated  at 
50  mgd . 
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Primary  sedimentation  is  accomplished  in  six  rectangular 
settling  tanks.  Each  tank  is  80  feet  wide,  146  feet  long,  and 
12  feet  deep  for  a total  volume  of  6.3  million  gallons  and  a surface 
area  of  70,000  square  feet.  This  provides  an  overflow  rate  of 
1,430  gallons  per  square  foot  per  day  at  the  average  flow  rate  of 
100  mgd . Primary  effluent  presently  flows  into  a chlorine  contact 
chamber  with  a total  volume  of  1.43  million  gallons.  This  provides 
a 15  minute  contact  time  for  a flow  of  137  mgd.  The  existing  plant 
also  has  an  incinerator  with  a capacity  of  215  tons/day. 

Proposed  treatment  facilities  have  been  designed  to  treat 
primary  effluent  that  has  been  chemically  treated  with  iron,  lime, 
and  polymer  for  phosphorous  removal. 

A low  lift  pumping  station  will  be  added  to  lift  the  wastewater 
to  the  secondary  portion  of  the  plant.  Two  fixed  speed  pumps  rated 
at  50  mgd  each  and  two  variable  speed  pumps  rated  at  50  mgd  each 
will  provide  a firm  pumping  capacity  of  150  mgd. 

Secondary  treatment  nil  be  accomplished  with  a pure  oxygen 
activated  sludge  process.  The  aeration  tank  is  designed  for  an 
average  flow  of  100  mgd  and  is  25  feet  deep  x 180  feet  long  x 
180  feet  wide,  divided  into  four  compartments.  The  tank  is  designed 
for  a volumetric  loading  of  102  pounds  of  BOD,.  per  1,000  cubic  feet 
per  day.  The  oxygen  plant  is  designed  to  produce  40  tons  of  oxygen 
per  day. 

Four  final  clarifiers,  each  163  feet  in  diameter,  with  a side 
water  depth  of  13.4  feet,  and  a total  surface  area  of  83,200  square 
feet  are  designed  for  a detention  time  of  2 hours  and  an  overflow 
rate  of  1,200  gallons  per  square  foot  per  day.  Return  sludge  pump- 
ing is  accomplished  by  four  variable  speed  pumps  rated  at  15  mgd 
each.  Waste  activated  sludge  will  be  pumped  into  sludge  thicken- 
ing tanks  designed  to  handle  75,000  pounds  of  sludge  per  day. 

Primary  sludge  is  presently  pumped  to  two  40  foot  diameter  x 
25.5  foot  deep  sludge  storage  tanks  with  a total  volume  of 
54,000  cubic  feet.  Three  additional  sludge  storage  tanks  will  be 


constructed  to  bring  the  total  sludge  storage  volume  to  135,000 
cubic  feet.  The  thickened  waste  activated  sludge  and  the  pri- 
mary sludge  will  be  blended  prior  to  vacuum  filtration. 

Eight  new  vacuum  filters  will  be  installed  with  a total 
surface  area  of  6,000  square  feet.  The  filter  cake  will  be  incinerated 
with  the  ash  hauled  to  landfill  disposal.  Four  new  incinerators,  rated 
at  220  tons  each,  will  be  installed.  With  the  existing  incinerator 
kept  as  a standby  unit,  the  total  incinerator  capacity  will  be  1,095 
(wet)  tons  per  day. 

Effluent  Quality 

Wastewater  treatment  facilities  were  initially  evaluated  with 
respect  to  both  Corps  of  Engineers  and  Michigan  water  quality 
standards.  The  Corps  of  Engineers  prescribed  effluent  goals  are 
more  stringent  than  present  State  of  Michigan  criteria.  Therefore, 
during  the  final  phase  of  this  study,  wastewater  treatment  facili- 
ties, as  outlined  herein,  were  designed  only  to  meet  the  Corps  of 
Engineers  effluent  criteria. 

State  of  Michigan  Effluent  Criteria  - State  of  Michigan  effluent 
criteria  varies  from  plant  to  plant  depending  upon  the  location  and 
the  receiving  body  of  water  into  which  the  plant  effluent  is  dis- 
charged. Michigan  criteria  for  the  Port  Huron  and  Mouth  of  the 
Huron  River  plants  presently  require  a minimum  of  secondary  treat- 
ment and  80  to  90  percent  phosphorous  removal.  In  addition,  limits 
have  been  established  for  heavy  metals,  cyanide,  and  phenol  in  the 
effluent  from  the  Port  Huron  Plant.  For  the  Detroit  plant,  approxi- 
mately 80  percent  removal  of  the  BOD,.,  suspended  solids,  and  oils, 

94  percent  removal  of  soluble  phosphorous,  and  84  percent  removal 
of  ammonia  is  currently  specified.  The  State  of  Michigan  effluent 
criteria  for  the  Adrian  wastewater  treatment  plant  specifies  the  equi- 
valent of  98  percent  removal  of  BOD5 , 95  percent  removal  of  suspended 
solids,  80  percent  removal  of  soluble  phosphorous,  and  73  percent  removal 
of  ammonia.  In  addition,  limits  have  been  set  at  Adrian  for  effluent 
concentrations  of  heavy  metals,  dissolved  oxygen,  cyanide,  and 
coliform  organisms. 
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At  the  present  time,  the  State  of  Michigan  does  not  have 
effluent  criteria  for  stormwater  treatment  facilities;  standards 
similar  to  those  for  sanitary  wastewater  treatment  facilities  have 
been  appl i ed  . 

Corps  of  Engineers  Effluent  Criteria  - The  Corps  of  engineers 
initially  established  effluent  criteria  for  this  study  in  three 
classifications.  Classification  I applies  to  substances  which  must 
be  absent  or  completely  removed.  This  implies  reduction  to  the 
limit  of  detectability  or  to  the  lowest  level  attainable  by  presently 
available  advanced  waste  treatment  technology.  Constituents  included 
in  Classification  I are  listed  below  with  asterisks  identifying  those 
items  reported  in  the  wastewater  profiles  utilized  for  this  study. 


Pesticides 

Lead* 

Phenols* 

Mercury 

Cyanides* 

Molybdenum 

Antimony 

Nickle* 

Barium 

Selenium 

Beryllium 

Silver 

Boron 

Thall ium 

Cadmium* 

Tin 

Chromium 

T i tanium 

Cobalt 

7.  inc* 

Copper* 

Arsenic 

Treatment  alternatives  which  have  been  considered  are  capable 
of  reducing  all  constituents  listed  in  the  profiles  to  the  specified 
goals.  The  alternatives  considered  can  also  reduce  all  other  Classifi- 
cation I constituents,  which  are  not  present  in  the  profiles,  to  the 
desired  level  with  the  exception  of  pesticides,  chromium,  and  mercury. 
It  will  be  necessary  that  discharges  of  these  constituents  be  elimi- 
nated at  the  source. 

Classification  II  indicates  substances  which  must  be  virtually 
eliminated  from  the  wastewater  or  reduced  to  the  lowest  possible 
level  using  standard  accepted  treatment  processes.  Classification  II 
constituents  are  as  follows: 
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Viruses 

bod5* 


Settleable  Solids* 
Volatile  Solids* 
Total  Organic  Carbon 
Total  Oxygen  Demand 
Gamma  Radiation 
Synthetic  Organics 
COD* 


Sur f ac  tants 
Fecal  Streptococci 
Taste  and  Odors 
Oil  and  Grease* 

Floa tables 
Suspended  Solids* 

The  treatment  alternatives  considered  are  capable  of  reducing 
all  constituents  present  in  the  wastewater  profiles  to  the  desired 
virtually  absent  level.  The  treatment  alternatives  should  also 
achieve  compliance  with  the  desired  goals  for  all  other  constituents 
except  gamma  radiation,  where  removal  would  be  limited  to  the  fraction 
associated  with  suspended  material. 

Classification  III  applies  to  substances  which  should  be  reduced 
to  specified  concentrations.  Those  present  in  the  wastewater  profiles 
utilized  for  this  study  are  as  follows: 

Ammonia 
Phosphorous 


pH 

Chloride 

Nitrates  and  Nitrites-N 
Col if orm 

A later  issue  of  design  considerations  included  a revised  set 
of  specific  effluent  quality  goals  as  follows: 


0.5  mg/1 

<50  ug/1  in  a lake 
<100  ug/1  in  a river 
6. 0-8. 5 
250  mg/1 

10  mg/1 
10,000/100  ml 


bod5 

COD 

Suspended  Solids 

Phosphorous-P 

Ammonia-N 

Nitrates  and  Nitrites-N 


<3  mg/1 
<5  mg/1 

<1  mg/1 
0.1-0. 2 mg/1 

0. 3-0.5  mg/1 
2. 0-2. 5 mg/1 
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All  alternatives  considered  can  meet  the  above  criteria  with  the 
exception  of  the  limits  specified  for  COD  and  suspended  solids.  A 
more  realistic  goal  for  these  two  constituents  is  as  follows: 

COD  <15  mg/1 

Suspended  Solids  <4  mg/1 

The  proposed  advanced  wastewater  treatment  processes  developed  * 

for  each  plant  site  would  be  capable  of  meeting  the  specified  goals 
(as  amended  above  for  COD  and  suspended  solids)  at  least  90  percent 
of  the  time.  Upper  limits  during  the  remaining  10  percent  of  the 
time  would  not  exceed  twice  the  goal. 

Cost  Estimates 

Cost  curves  were  developed  by  Stanley  Consultants  specifically 
for  this  study  for  each  individual  unit  process  utilized.  The  cost 
curves  were  published  under  the  title  "Wastewater  Treatment  Unit 
Processes,  Estimating  Costs  1972"  and  were  furnished  to  the  Detroit 
District  Corps  of  Engineers  as  part  of  Phase  I of  this  study.  The 
cost  curves  were  used  for  evaluation  of  alternatives  and  to  develop 
cost  estimates  for  each  wastewater  treatment  plant. 

All  construction  cost  estimates  are  based  on  a Detroit  Water 
, Quality  Office  construction  cost  index  of  180.73  for  January,  1972. 

For  comparative  purposes  and  to  develop  annual  costs,  construction 
estimates  have  been  amortized  over  a period  of  50  years  at  an  interest 
rate  of  5 1/2  percent.  For  unit  processes  which  have  a useful  life 
» of  less  than  50  years,  an  amortized  replacement  cost  has  been 

calculated  based  on  replacing  units  at  1972  costs.  This  cost  has 
been  spread  over  the  50-year  life  of  the  project  at  the  51/2  per- 
cent interest  rate. 

I Operation  and  maintenance  cost  estimates  are  based  on  a labor 

cost  of  six  dollars  per  hour,  and  on  power,  fuel,  replacement  parts, 
and  chemicals  at  January,  1972,  price  levels.  The  estimated  cost 
should  be  sufficient  to  operate  and  maintain  the  equipment  for  its 
useful  life. 
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SECTION  III  - WASTEWATER  TREATMENT  SYSTEM  SELECTION 


Alternative  Wastewater  Treatment  Processes 

For  some  elements  in  the  wastewater  treatment  process  (such 
as  pumping  and  primary  clarification),  technology  is  sufficiently 
well  established  that  only  a single  approach  has  been  evaluated  in 
detail.  For  the  more  complex  advanced  waste  treatment  and  sludge 
handling  systems,  several  unit  processes  have  been  evaluated  at  each 
location  on  the  basis  of  ability  to  meet  effluent  criteria,  reli- 
ability, impact  on  the  environment,  cost  effectiveness,  and  signi- 
ficant intangible  and  sociological  factors. 

All  alternatives  were  submitted  to  the  Detroit  District  in 
preliminary  form  for  review  and  selection  of  the  final  system 
processes . 

Following  is  a summary  discussion  of  the  factors  considered  in 
the  situations  where  a number  of  technically  feasible  treatment 
alternatives  exist.  The  favored  treatment  approach  is  outlined  in 
the  text  which  follows  and  subsequent  discussions  present  the 
entire  recommended  system  for  each  plant  location,  along  with 
detailed  assessments  of  the  costs  and  other  significant  evaluation 
parameters . 

Ammonia  Removal  - Four  methods  were  considered  for  removal  of 
ammonia  from  the  municipal  and  industrial  wastewater:  ammonia 

stripping,  selective  ion  exchange,  breakpoint  chlorination,  and 
biological  nitrification-denitrification.  Ammonia  can  be  released 
to  the  atmosphere  from  a stripping  tower  following  adjustment  of 
the  pH  of  the  wastewater  to  approximately  11.5.  This  approach  is 
not  practicable  for  the  study  region,  however,  because  the  chemical 
reactions  involved  are  temperature  dependent  and  winter  weather  in 
southeast  Michigan  is  too  severe  for  economical  year-around  operation. 

Breakpoint  chlorination  and  selective  ion  exchange  have  both 
been  eliminated  for  economic  reasons.  In  breakpoint  chlorination, 
a high  dosage  of  chlorine  (10  pounds  per  pound  of  ammonia)  is 
required  for  ammonia  removal.  Cost  for  chlorine  becomes  prohibitive 
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considering  the  high  concentrations  of  ammonia  present  in  the 
municipal  and  industrial  wastewater.  The  relatively  high  cost 
of  clinoptilolite,  the  exchange  media  for  a selective  ion  exchange 
process,  causes  this  alternative  to  be  eliminated  from  further 
consideration. 

The  best  process  for  use  in  the  study  area  was  determined  to 
be  biological  oxidation  of  ammonia  to  nitrate.  This  is  followed 
by  methanol  addition,  a carbon  source  for  anaerobic  bacteria,  to 
convert  nitrate  and  nitrite  to  nitrogen  gas  in  multi-media  filters. 

The  filters  will  serve  the  dual  purpose  of  suspended  solids  reduc- 
tion, and  denitrification. 

The  same  four  methods  were  considered  for  reduction  of  ammonia 
in  stormwater  flows.  Similar  negative  conclusions  were  reached 
with  regard  to  ammonia  stripping  and  selective  ion  exchange  processes. 
However,  biological  nitrification-denitrification  was  considered  to 
be  impractical  due  to  the  intermittent  nature  of  the  waste  flow  and 
the  slow  growth  rate  of  nitrifying  organisms.  Therefore,  breakpoint 
chlorination  was  considered  the  optimum  unit  process  for  removal  of 
ammonia  from  stormwater  flows.  This  approach  requires  minimal 
additional  equipment  since  disinfection  facilities,  designed  for  the 
maximum  flow  rate,  must  be  provided  irrespective  of  the  ammonia 
removal  technique  employed.  Utilization  of  chlorination  equipment 
for  both  ammonia  removal  and  disinfection  is  efficient  from  a first 
cost  standpoint.  Further,  ammonia  concentrations  in  stormwater  are 
low  enough  that  chemical  costs  do  not  become  prohibitive. 

Phosphate  Removal  - Single-stage  lime  clarification  and  ferric 
chloride  addition  in  the  primary  clarifier  were  evaluated  as  alterna- 
tives for  phosphate  removal,  but  were  determined  to  be  inadequate 
for  meeting  the  desired  effluent  criteria  goals.  Two-stage  lime 
clarification  was  deemed  to  be  the  only  unit  process  capable  of 
achieving  the  high  degree  of  phosphate  removal  required  considering 
the  anticipated  low  alkalinity  of  stormwater  and  municipal-industrial 
waste. 
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Heavy  Metal  Renova 1 - Two  methods  have  been  evaluated  for 
removal  of  heavy  metals  from  both  stormwater  and  municipal-industrial 
wastewaters.  The  first  alternative  involves  the  ion  exchange  process, 
using  various  selective  exchange  medias.  However,  the  low  concentra- 
tions and  wide  variety  of  heavy  metal  ions  present  make  this  approach 
economically  unattractive. 

The  selected  heavy  metal  removal  technique  results  from  a 
combination  of  two  other  processes  selec  ted  for  use  in  the  recommended 
treatment  schematic.  The  high  pH-lower  pH  operation  of  two-stage 
lime  clarification  allows  optimum  precipitation  ot  most  heavy  metals. 
The  remaining  metals  can  be  removed  to  the  desired  levels  in  the 
carbon  absorption  units  provided  primarily  for  removal  of  organic 
materials . 

Primary  and  Waste  Biological  Sludge  Handling  - The  final  design 
of  specific  unit  processes  for  sludge  handling  and  disposal  is 
normally  not  undertaken  without  extensive  bench  and  pilot  scale 
investigation  at  each  proposed  plant  location.  Selections  between 
alternatives  have,  therefore,  been  tentatively  based  upon  average 
sludge  characteristics  and  typical  design  loadings.  Sludge  handling 
has  been  evaluated  in  five  general  areas  as  follows: 

1.  Thickening  (waste  biological  sludge  only). 

2.  Conditioning  (primary  and  waste  biological  sludge  only). 

3.  Dewatering. 

4.  Transportation. 

5.  Ultimate  disposal. 

Air  flotation  and  gravity  processes  have  been  considered  for 
reducing  the  water  content  of  waste  biological  sludge  prior  to 
subsequent  treatment  operations.  For  the  purpose  of  generating 
cost  developments  presented  herein,  air  flotation  thickening  has 
been  assumed  except  at  plants  which  have  existing  gravity  thickeners. 
At  Port  Huron,  an  existing  gravity  unit  is  used  to  thicken  a mixture 
of  primary  and  waste  biological  sludge. 

The  remaining  four  categories  of  sludge  handling  are  inter- 
related to  the  extent  that  a systems  analysis  must  be  performed  in 
order  to  arrive  at  the  final  desired  arrangement  at  eacli  location. 
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Three  approaches  for  conditioning  primary  and  waste  biological 
sludges  to  produce  a material  pathologically  and  aesthetically 
suitable  for  ultimate  disposal  have  been  reviewed.  The  three  unit 
processes  considered  are  chemical  conditioning,  thermal  conditioning, 
and  anaerobic  digestion.  Each  of  these  three  alternatives  was 
evaluated  as  an  element  in  a dewatering,  transportation,  and  ultimate 
disposal  system. 

Ultimate  disposal  of  primary  and  waste  biological  sludge  from 
a municipal  and  industrial  wastewater  treatment  plant  requires 
dewatering  prior  to  either  landfilling  or  incineration.  Three 
methods  of  dewatering,  vacuum  filtration,  centrifugation,  and 
filter  pressing,  were  considered  as  possible  alternatives.  Pilot 
plant  investigations  could  establish  the  economic  and  other  advan- 
tages of  each  system.  Without  such  studies,  cost  factors  are  too 
sensitive  to  sludge  characteristics  to  permit  differentiation 
between  alternatives.  For  the  purpose  of  cost  estimates  presented 
in  this  report,  vacuum  filtration  has  been  assumed  at  each  location 
except  at  plants  with  existing  centrifuges. 

Present  State  of  Michigan,  Department  of  Public  Health  guide- 
lines prohibit  the  burial  of  wastewater  sludge  in  a sanitary  landfill 
with  municipal-industrial  refuse  unless  the  sludge  contains  less 
than  50  percent  moisture,  or  unless  it  is  thoroughly  mixed  with  refuse 
to  reduce  the  mixture  to  this  moisture  content.  However,  any  sludge 
cake  may  be  buried  under  properly  controlled  conditions  in  trenches 
or  other  excavation  used  solely  for  sludge  disposal.  Measures  must  be 
taken  to  prevent  public  access  and  a daily  covering  of  earth  or  other 
relatively  inert  material  is  required  to  control  odors.  A possible 
alternative  is  the  use  of  chemicals  for  odor  control  in  lieu  of  the 
daily  earth  covering.  In  either  case,  a final  earth  cover  at  least 
24  inches  deep  should  be  provided  followed  by  seeding  or  sodding. 

Dewatered  primary  and  waste  biological  sludge  is  expected  to  have 
a solids  content  of  about  25  to  30  percent  and  cannot  be  buried  in  a 
sanitary  landfill  with  municipal-industrial  refuse.  Consideration  of 
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mixing  sludge  and  refuse  prior  to  landfilling  requires  extensive 
analysis  of  solid  waste  volume  and  composition  data  which  is  not 
readily  available.  Therefore,  for  ultimate  disposal  purposes  as 
outlined  in  this  report,  all  landfills  are  considered  to  be  separate 
and  for  the  burial  of  wastewater  sludge  only. 

The  following  alternatives  for  transportation  of  primary  and 
waste  activated  sludge  from  the  municipal  and  industrial  wastewater 
treatment  plants  to  the  landfill  sites  have  been  reviewed. 

1.  Pumping  raw  (unconditioned)  sludge  from  treatment  to  disposal 
site  for  dewatering  and  disposal. 

2.  Trucking  raw  sludge  from  treatment  to  disposal  site  for  de- 
watering and  disposal. 

3.  Rail  transport  of  raw  sludge  from  treatment  to  disposal 
site  for  dewatering  and  disposal. 

4.  Pumping  conditioned  sludge  from  treatment  to  disposal  site 
for  dewatering  and  disposal. 

5.  Trucking  conditioned  sludge  from  treatment  to  disposal 
site  for  dewatering  and  disposal. 

6.  Rail  transport  of  conditioned  sludge  from  treatment  to 
disposal  site  for  dewatering  and  disposal. 

7.  Trucking  dewatered  sludge  or  incinerator  ash  from  treatment 
to  disposal  site  for  disposal. 

8.  Rail  transport  of  dewatered  sludge  or  incinerator  ash 
from  treatment  to  disposal  site  for  disposal. 

When  considering  landfill  disposal  the  most  cost  effective 
transportation  method  for  all  treatment  plants  in  the  study  area 
consists  of  trucking  either  dewatered  sludge  or  incinerator  ash. 
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If  surface  spreading  of  stabilized  sludge  is  utilized  as  the 
ultimate  disposal  technique,  pumping  and  pipeline  transportation 
is  the  most  efficient  approach. 

Two  alternatives  for  ultimate  disposal,  landfill  and  surface 
spreading,  were  considered  to  be  satisfactory  if  operated  in  a 
proper  manner.  Table  3 summarizes  the  estimated  costs  and  land 
requirements  for  four  complete  sludge  disposal  arrangements  con- 
sidered most  feasible: 

1.  Landfill  disposal  of  dewatered  sludge. 

2.  Landfill  disposal  of  sludge  ash  following  incineration. 

3.  Surface  spreading  of  anaerobically  digested  sludge. 

4.  Surface  spreading  of  thermally  conditioned  sludge. 

Several  of  the  environmental  and  resource  related  factors 

which  relate  to  these  sludge  handling  and  disposal  systems  include 
the  following: 

1.  A landfill  would  have  to  be  operated  following  best  possible 
practices  to  prevent  pollution  of  groundwater  and  nuisance 
to  adjacent  property  owners.  Possible  future  uses  of  the 
landfill  site  would  be  limited. 

2.  Surface  spreading  requires  a lagoon  for  sludge  storage 
during  cold  months.  Relatively  large  land  areas  are 
required  for  surface  disposal  of  sludge. 

3.  Surface  spreading  of  digested  or  thermally  conditioned 

t sludge  is  not  anticipated  to  cause  any  permanent  damage 

to  the  land.  Air  pollution  effects  should  be  minimal. 

4.  Even  with  the  best  air  pollution  control  devices,  a certain 
amount  of  air  pollution  would  result  from  incineration  of 

j sludge.  Fuel  resources  would  also  have  to  be  expended  to 

maintain  adequate  combustion  temperatures  to  prevent  odor 
emissions . 

T 
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TABLE  3 

SLUDGE  DISPOSAL  ALTERNATIVES 


Primary  and  Waste 

Biological 

' 1 u ge 

Landf ill  D i spe 

1 s a 1 

Mun i r i pa  1 

W 

Dewatered  Sludge 
i t hout  1 nc i ne  ra  t ion 

Inc  inert  ted  Sludge 

and  Industrial 
Wastewater 
Treatment  Plants 

Cap i ta 1 
Cos  t ( I ) 

Total  Annual 
Cos  t ( 1 ) 

Land 

Requ  i red 
Ac  res 

Capital 
Cos  t ( 1 ) 

Total  Annual 
Cost ( 1 ) 

Land 

Requ • red 
Ac  res 

Adrian  (12  mgd) 

1.241 

265 

31 

1 .883 

306 

2.6 

Port  Huron  (2A  mgd) 

29L 

319 

53 

70 

331 

9.6 

Hon  roe  (AO  mgd) 

953 

692 

109 

1 ,152 

657 

8.6 

Wayne  County  (125  mgd) 

1 ,317 

1 ,107 

350 

255 

1 .082 

50 

Mouth  of  Huron  River 

(A00  rrgd ) 

/.981 

2,989 

1,100 

11,321 

3,659 

160 

Mouth  of  Huron  River 

(525  mgd ) 

10,015 

3.700 

1 ,660 

15,389 

6,701 

210 

Detroit  ( 806  mgd) 

6.980 

5,283 

2,210 

6,5/6 

6,12! 

32C 

Prinary  and  Waste 

Biological 

Siudqe  - 

Surface  Spread 

ing 

Hun i c i pa  1 

Anaerobic  Digestion 

The 

1 rna 1 Cord i t i on i 

rg 

and  Industrial 
Was  tewater 
T *-ea  t men  t Plants 

Cap i t a 1 
C 0 s t ( l ) 

Total  Annual 
Cos  t ( 1 ) 

Land 

Requ i red 
Ac  res 

Capital 
Cos  t ( 0 

Total  Annual 
Cost  ( 1 ) 

Land 

Requ i red 
Ac  res 

Adrian  (12  mgd) 

1 ,699 

279 

255 

2,273 

369 

562 

Port  Huron  (2A  mgd) 

2,616 

377 

690 

2,090 

377 

675 

Hon  roe  (AO  mgd) 

3,977 

536 

7CC 

6,311 

581 

1 ,ccc 

Wayne  Countv  (125  mgd) 

1 1 ,626 

1.389 

2,560 

13,010 

1 .559 

3,500 

HoutH  cf  Huron  River 
(AO0  mgd) 

3^ , 556 

3,211 

8,150 

36,395 

3,892 

11,200 

HoutH  of  Huron  River 

(525  mgd) 

AA.89A 

6,069 

10,650 

67.227 

6,936 

16,80 

Detroit  ( 806  mgd ) 

68,950 

5,976 

16,900 

73,260 

7,659 

22,600 

Chemical  Sludge  - 

Landf i 1 1 

D i sposa 1 

Hun i c i pa  1 

w 

it hout  Recalcination 

With  Re cal c i nat ion 

and  Industrial 
Wastewater 

Treatment  Plants 

Cap i ta 1 
Postal) 

Total  Annual 
Cost  ' ]> 

Land 

Requ 1 red 
Ac  res 

Cap i ta 1 
Cost  ( 1 ) 

Total  Annual 
Cos  t ( 1 ) 

Land 

Requ i red 
Ac  res 

Adr i an  (12  mgd) 

539 

137 

33 

685 

31 1 

3.3 

Pert  Huron  ^2A  mgd) 

632 

206 

66 

936 

365 

7.0 

Hon  roe  (A0  mgd) 

688 

257 

1 09 

1 ,061 

523 

1 1.2 

Wayne  County  (125  mgd) 

1 ,658 

661 

363 

1 ,609 

1.153 

35 

Mouth  of  Huron  River 
(A00  mgd) 

6,532 

1 ,669 

1 ,090 

6,336 

3.010 

113 

Mouth  of  Huron  Fiver 
(525  mgd) 

5,636 

1 ,876 

1 ,535 

5,059 

3,816 

198 

Det  ro i t 1806  mgd) 

6,706 

2,686 

2,225 

6,923 

5,630 

227 

Stormwater 
T rea  tmer t Plants 

East  China  (125  mgd) 

1,931 

507 

290 

2,682 

6 36 

16 

Plymouth  or  Ypsilar^i 
(225  mgd) 

3,057 

816 

633 

3,568 

971 

29 

Macomb  County  (A00  mgd) 

6,832 

1,217 

767 

5,135 

1,617 

51 

Conner  Creek  (600  mgd) 

5.637 

1 ,618 

883 

6,082 

1 ,830 

6’ 

Monroe  County  (1,000  mgd) 

8,576 

2,101 

1 ,970 

8.636 

2,803 

113 

Conner  Creel>  (1,200  mgd) 

10,396 

2.905 

1,76  3 

9,907 

3.369 

136 

Monroe  County  ( 1 , A00  mgd) 

12.666 

3,012 

2,272 

11,798 

3,822 

166 

(I)  Coif  is  in  thousands  of  dollars  par  year. 


5.  Anaerobic  digestion  presents  the  most  efficient  alterna- 
tive from  the  standpoint  of  resource  conservation. 

Anaerobic  bacteria  reduce  the  volatile  portion  of  the 
sludge,  producing  methane  gas  which  can  be  used  to  heat 
the  digesters  and  provide  auxilliary  fuel  for  other  uses 
in  the  treatment  process. 

6.  Thermal  conditioning  requires  substantial  fuel  input  to 
maintain  adequate  temperatures  for  the  process. 

The  foregoing  environmental  factors  do  not  appear  to  be  of 
sufficient  magnitude  to  justify  selection  of  anything  but  the  least 
cost  alternative  in  each  situation.  Therefore,  the  following  alterna- 
tives were  selected  for  each  of  the  seven  municipal  and  industrial 
wastewater  treatment  facilities  for  handling  and  disposal  of  primary 
and  waste  biological  sludge: 

1.  Adrian  - landfill  disposal  of  dewatered  thermally  conditioned 
sludge . 

2.  Port  Huron  - landfill  disposal  of  dewatered  thermally 
conditioned  sludge. 

3.  Monroe  - landfill  disposal  of  ash  following  incineration. 

4.  Wayne  County  - landfill  disposal  of  ash  following  incinera- 
tion. 

5.  Mouth  of  the  Huron  (400  mgd)  - landfill  disposal  of  dewatered 
sludge . 

6.  Mouth  of  the  Huron  (525  mgd)  - landfill  disposal  of  dewatered 
sludge . 

7.  Detroit  - landfill  disposal  of  dewatered  sludge. 

Chemical  Sludge  Disposal  - Evaluation  of  alternatives  for  dis- 
posal of  chemical  sludge  generated  by  the  two-stage  lime  clarifi- 

* cation  treatment  of  both  municipal-industrial  wastewaters  and 
stormwater  involves  many  of  the  same  factors  previously  outlined 

for  disposal  of  primary  and  biological  sludge.  The  major  additional 
factor  to  be  included  in  the  comparison  involves  the  possible 

• recalcination  and  reuse  of  lime  sludge.  Recalcination  cannot  be 
justified  entirely  on  a cost  basis.  Lime  recovery  is  estimated 
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at  less  than  20  percent  due  to  the  low  wastewater  alkalinity. 
Recalcination  of  sludge  creates  a possible  source  of  air  pollu- 
tion and  requires  consumption  of  fuel  resources.  This  factor 
is  offset  by  the  air  pollution  and  fuel  requirements  necessary 
for  calcination  of  limestone  to  produce  new  lime  for  the  treatment 
process  if  recalcination  is  not  practiced. 

Two  approaches,  landfill  and  surface  spreading,  were  considered 
for  ultimate  disposal  of  chemical  sludge.  The  latter  choice  was 
eliminated  from  consideration  due  to  the  large  land  area  required 
to  permit  a satisfactory  loading  rate  of  3 tons  of  dry  solids  per 
acre  per  year.  Therefore,  subsequent  analyses  are  based  upon 
landfill  disposal  of  chemical  sludge. 

Landfill  disposal  must  be  provided  either  for  waste  recalcina- 
tion ash  or  dewatered  chemical  sludge.  Dewatering  could  be  ac- 
complished by  vacuum  filtration,  centrifugation,  or  filter  press- 
ing. Before  final  selection  is  undertaken,  a pilot  scale  investi- 
gation would  be  desirable  at  each  location.  For  the  purposes  of 
present  cost  comparisons,  vacuum  filtration  has  been  assumed  at 
each  location  except  those  plants  with  existing  centrifuges. 
Dewatered  lime  sludge  is  expected  to  have  a solids  content  of  about 
40  to  50  percent. 

Table  3 presents  relative  costs  and  land  requirements  for 
comparison  of  landfilling  of  dewatered  chemical  sludge  and  waste 
recalcination  ash.  As  shown,  the  total  annual  cost  for  disposal 
without  recalcination  is  significantly  less  than  for  the  recalcina- 
tion alternative.  Land  requirements,  however,  are  substantially 
less  for  disposal  of  excess  recalcination  ash.  Based  upon  evalua- 
tion of  the  foregoing  information,  by  the  Detroit  District,  the 
recalcination  alternative  has  been  selected  for  inclusion  in  the 
final  wastewater  treatment  arrangements. 

All  stormwater  treatment  plants  except  the.  125  mgd  facility 
located  in  East  China  Township  will  be  provided  with  recalcination 
facilities.  Similarly,  all  municipal-industrial  wastewater  treat- 
ment plants  except  the  small  facilities  located  at  Adrian,  Port 
Huron,  and  Monroe  will  utilize  chemical  sludge  recalcination. 
Dewatering  and  landfill  disposal  will  be  provided  for  the  four 
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facilities  without  rec.alcination.  Landfill  sites  will  also  be 
required  in  conjunction  with  all  recalcination  plants.  Trans- 
portation of  either  recalcination  ash  or  dewatered  chemical  sludge 
will  be  by  truck. 

Recommended  Municipal  and  Industrial  Wastewater  Treatment  Systems 

The  wastewater  flow  arrangements  for  the  seven  municipal  and 
industrial  wastewater  treatment  plants  are  similar  except  for  the 
sludge  handling  and  disposal  systems.  Schematic  diagrams  of  the 
plants  are  presented  in  Figures  6 through  12.  Cost  estimates  for 
the  recommended  facilities  are  summarized  in  Tables  4 through  10. 

Treatment  of  the  liquid  portion  of  the  wastewater  consists 
of  the  following  unit  processes: 

1.  Raw  waste  pumping.  Pumping  stations  are  provided  at  each 
treatment  plant  to  provide  sufficient  head  for  the  waste- 
water  to  flow  through  the  subsequent  units  by  gravity. 

2.  Preliminary  treatment  including  screening,  grit  removal, 
and  metering.  Screening  is  provided  to  remove  large 
floating  objects  and  debris  which  might  damage  or  obstruct 
subsequent  unit  processes.  Grit  removal  protects  mechanical 
equipment  from  abrasive  particles  of  sand,  gravel,  and 
similar  materials. 

3.  Primary  clarification.  Conventional  primary  treatment  and 
sludge  pumping  equipment  facilitates  the  separation  and 
removal  of  settleable  solids  from  the  wastewater  stream. 

4.  Aeration  and  secondary  clarification.  Proposed  biological 
treatment  for  the  municipal-industrial  wastewater  utilizes 
an  activated  sludge  process  with  either  conventional  aera- 
tion equipment  or  pure  oxygen.  Pilot  plant  investigations 
would  be  necessary  before  a detailed  economic  comparison 
could  be  made  between  the  two  systems.  For  the  purpose  of 
establishing  the  costs  presented  in  this  report,  a complete- 
mix  activated  sludge  diffused  air  system  has  been  used 
except  at  locations  where  pure  oxygen  facilities  are  presently 
in  use.  Final  clarification  and  return  sludge  pumping  have 


Sfcour 
CIA# 1 f 'CBS 


TABLE  4 


COST  ESTIMATE 
FOR 

12  MOD  ADRIAN  WASTEWATER  TREATMENT  PLANT 


Const  rue  t ion 
Cost 

Millions 

of 

Dol lars 

Amort i zed 
Const  ruct ion 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Amort i zed 
Rep  1 acemen t 
Cos  t 

Thousands 

of 

Dol lars 
Per  Year 

Operat ion 
and 

Ma i nt  enance 

Thousand*. 

of 

Dol lars 
Per  Year 

Total 
T reatmer r 
Cost 

T housand s 
of 

Dol lars 
Per  Year 

Raw  Waste  Pumping 

0.81 

48 

-- 

18 

66 

Preliminary  Treatment 

0.18 

1 1 

-- 

25 

36 

Primary  Clarifiers 

0.39 

23 

- 

21 

44 

Intermediate  Pumping 

— 

-- 

-- 

— 

-- 

Aeration  Tanks 

0.57 

34 

— 

- 

34 

Diffused  Air  System 

0.51 

30 

8 

91 

129 

Secondary  Clarifiers 

0.59 

35 

- 

25 

60 

N i t i f i cat  ion  Tanks 

0.63 

37 

-- 

-- 

37 

D i f f used  A i r System 

0 .6^ 

38 

10 

114 

162 

Clarifiers 

0.59 

35 

- 

25 

60 

Two- St age  Lime 
C larificat ion 

1.20 

71 

— 

198 

269 

Multi-Media  Filtration 
Den i tr i f i cat  ion 

1.80 

106 

-- 

206 

312 

Granular  Carbon  Adsorption 

2.05 

121 

3 

190 

314 

Chlorine  Contact  Tanks 

-- 

-- 

— 

-- 

-- 

Chlorination  Feed  System 

0.37 

22 

— 

20 

42 

Sludge  Holding 

0.  10 

6 

— 

9 

15 

Sludge  Thickening 

0.08 

5 

1 

4 

10 

Thermal  Conditioning 

0.69 

41 

11 

37 

89 

Dewater i ng 

0.39 

23 

6 

64 

93 

Reca 1 c i nat i on 

- 

- 

-- 

-- 

- 

1 nc i nerat ion 

-- 

-- 

— 

-- 

-- 

Hau 1 i ng 

0.03 

2 

2 

33 

37 

Landf i 1 1 

0.31 

18 

4 

99 

121 

1 nst  rumentat i on 

0.23 

14 

-- 

12 

26 

Land  Required  (27  acres) 

0.04 

2 

-- 

- 

2 

Site  Work  and  Piping 

0.81 

48 

-- 

31 

79 

Garage  and  Shop 

0.06 

it 

-- 

-- 

4 

Admin i st  rat  ion  and 

Laboratory  Facilities 

0.17 

10 

— 

61 

71 

Out  fall 

0.06 

4 

— 

-- 

4 

Total  Construction  Cost 

13.30 

788 

45 

1 .283 

2,116 

Engineering,  Legal,  Admini- 
stration, and  Contingencies  3.99 

2 36 

— 

-- 

2 36 

Total  Project  Cost 

17.29 

1 .024 

45 

1 .283 

2.352 

TABLE  5 


COST  ESTIMATE 
FOR 

2A  MGO  PORT  HURON  WASTEWATER  TREATMENT  PLANT 


Construct  ion 
Cost 

Mill  ions 
of 

Dol lars 

Amort i zed 
Const  ruct ion 
Cos  t 

Thousands 

of 

Dol lars 
Per  Year 

Amort i zed 
Rep  1 acement 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Operat i on 
and 

Ma i ntenance 
Thousands 
of 

Dol lars 
Per  Year 

Total 

T rcat^er » 

Cost 

T housa"d« 
of 

Dol lars 
Per  year 

Raw  Waste  Pumping 

— 

-- 

-- 

29 

29 

Preliminary  Treatment 

— 

-- 

-- 

1*1 

1.1 

Pr imary  C lar i f iers 

-- 

— 

-- 

30 

30 

Intermediate  Pumping 

- 

— 

— 

- 

-- 

Aerat ion  Tanks 

0.26 

15 

— 

— 

15 

Diffused  Air  System 

0.  16 

9 

Q 

101. 

122 

Secondary  Clarifiers 

— 

- 

— 

39 

39 

Nitrification  Tanks 

1.10 

65 

— 

65 

Diffused  Air  System 

0.71 

1*2 

1 1 

125 

178 

Clarifiers 

1.02 

60 

- 

39 

99 

Two- S t ag^  Lime 
C lar i f icat ion 

1.95 

115 

-- 

361* 

A 79 

Multi-Media  Filtration 
Den i t r i f i cat  ion 

2.A2 

!<*3 

— 

359 

502 

Granular  Carbon  Adsorption 

3.1*5 

201* 

5 

298 

507 

Chlroine  Contact  Tanks 

— 

-- 

— 

- 

— 

Chlorination  Feed  System 

0.1*0 

21* 

-- 

31 

55 

Sludge  Holding 

0.07 

1* 

— 

2<t 

28 

Sludge  Thickening 

-- 

-- 

-- 

6 

6 

Thermal  Conditioning 

-- 

- 

13 

1*9 

62 

Dewater i ng 

C . 22 

13 

1 1 

119 

11.3 

Reca 1c inat ion 

— 

— 

-- 

- 

-- 

1 nc inerat ion 

-- 

— 

' -- 

- 

-- 

Hau 1 i ng 

0.07 

1* 

5 

61 

70 

Landf i 1 1 

0.1*8 

28 

6 

li*3 

177 

1 nst  rumentat  ion 

0.18 

1 1 

-- 

9 

20 

Land  Required  (38  acres) 

* 

A 

- 

- 

A 

Site  Work  and  Piping 

0.71 

1*2 

— 

5i* 

96 

Garage  and  Shop 

0.05 

3 

— 

-- 

3 

Admini st  rat  ion  and 

Laboratory  Facilities 

0.09 

5 

— 

88 

93 

Out/a  1 1 

— 

-- 

-- 

-- 

— 

Total  Construction  Cost 

13. 

787 

60 

2 ,012 

2,859 

Engineering,  Legal,  Admini- 
stration, and  Contingencies  *♦ . 00 

236 

— 

-- 

236 

Total  Project  Cost 

17.31* 

1 .023 

60 

2.012 

3,095 

* Cost  of  additional  land  is  not  available. 
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TABLE  6 


- 


> 


» 


I 


t 

VT 


COST  ESTIMATE 
FOR 

AO  MGD  MONROE  WASTEWATER  TREATMENT  PLANT 


Construct  ion 
Cos  t 

Mill  ions 
of 

Dol lars 

Amort i zed 
Const  ruct i on 
Cos  t 

Thousands 

of 

Dol lars 
Per  Year 

Arnor  t i zed 
Rep  1 a cement 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Ope  rat  ion 
and 

Ma i ntenance 
Thousands 
of 

Dol lars 
Per  Year 

Tnta  1 
Treatment 

Cost 

Thousands 

of 

Dol 1 ars 
Per  Year 

Raw  Waste  Pumping 

0.85 

50 

-- 

A5 

95 

Preliminary  Treatment 

0.  18 

1 1 

-- 

63 

7A 

Primary  C lar i f iers 

0 . A 1 

2A 

- 

A0 

6A 

Intermediate  Pumping 

1 .10 

65 

- 

39 

I0A 

Ae rat i on  Tanks 

0.71 

A2 

-- 

— 

A2 

Diffused  Air  System 

0.52 

31 

17 

I9A 

2 A 2 

Secondary  Clarifiers 

0.73 

'•3 

- 

57 

100 

N i t r i f i cat i on  Tanks 

1 .67 

99 

- 

-- 

99 

D i f fused  A i r System 

1.13 

67 

18 

205 

290 

Clarifiers 

1-58 

93 

-- 

57 

150 

Two-Stage  Lime 
Clarification 

2.88 

170 

569 

739 

Multi -Media  Filtration 
Den i t r i f i cat i on 

3.50 

207 

5A8 

755 

Granular  Carbon  Adsorption 

5.30 

313 

8 

A31 

752 

Chlorine  Contact  Tanks 

0.10 

6 

- 

— 

6 

Chlorination  Feed  System 

0.57 

3^ 

-- 

!*3 

77 

Sludge  Holding 

- 

— 

-- 

2A 

2A 

Sludge  Thickening 

0.09 

5 

2 

1 1 

18 

Thermal  Conditioning 

-- 

-- 

- 

-- 

- 

Dewater i ng 

0.52 

31 

13 

20A 

2A8 

Recalcination 

- 

-- 

-- 

-- 

— 

Inc  i nerat ion 

0.  70 

A 1 

19 

131 

191 

Hau 1 i ng 

0.05 

3 

A 

A 1 

A8 

Landf i 1 1 

0.A5 

27 

5 

136 

168 

Inst  rumentat ion 

0.23 

1A 

-- 

17 

31 

Land  Required  (50  acres) 

* 

* 

-- 

-- 

* 

Site  Work  and  Piping 

1.13 

67 

-- 

82 

IA9 

Garage  and  Shop 

0.07 

A 

-- 

-- 

A 

Admin i st  rat i on  and 

Laboratory  Facilities 

0.  1 1 

6 

-- 

1 20 

126 

Out  fa  1 1 

" 

-- 

-- 

-- 

-- 

Total  Construction  Cost 

2A . 58 

1 .1*53 

86 

3.057 

A, 596 

Engineering,  Legal,  Admini- 
stration, and  Contingencies  7.37 

A 35 

.. 

-- 

A35 

Total  Project  Cost 

31.95 

1 ,888 

86 

3.057 

5,031 

* Cost  of  additional  land  is  not  available. 
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TABLE  7 


COST  ESTIMATE 
FOR 

125  MGD  WAYNE  COUNTY  WASTEWATER  TREATMENT  PLANT 

Amortized  Amortized  Operation  Total 

Construction  Replacement  and  Treatment 

Construction  Cost  Cost  Maintenance  Cost 

Cost  Thousands  Thousands  Thousands  Thousands 

Mill  ions  of  of  of  of 

of  Dollars  Oollars  Dollars  Oollars 

Pol  I a rs  Per  Year  Per  Year  Per  Year  Per  Year 


Raw  Waste  Pumping 

— 

-- 

-- 

135 

135 

Preliminary  Treatment 

-- 

-- 

-- 

I6i* 

161. 

Pr imary  C 1 ar i f iers 

i .6 

83 

-- 

79 

162 

Intermediate  Pumping 

! .0 

59 

— 

1 '9 

178 

Ae rat i on  Tanks 

0.5 

30 

-- 

-- 

30 

Diffused  Air  System 

0.7 

1*1 

1*0 

526 

607 

Secondary  Clarifiers 

2.*t 

1 1*2 

-- 

|i*i* 

286 

Nitrification  Tanks 

1* . 6 

272 

-- 

-- 

272 

Di f fused  Ai r System 

2.2 

130 

3i* 

1*12 

576 

Clarifiers 

l*.l* 

260 

-- 

11*1. 

1*06 

Two-Stage  Lime 
C lari f icat ion 

8.0 

1*73 

1 ,61*3 

2,1  16 

Multi-Media  Filtration 
Deni tr i f icat ion 

7-0 

M3 

1 ,1*83 

1 .856 

Granular  Carbon  Adsorption 

11*. 0 

827 

: ? 

1 ,01*9 

1,898 

Chlorine  Contact  Tanks 

0.  1 

6 

— 

-- 

6 

Chlorination  Feed  System 

0.9 

53 

- 

98 

151 

Sludge  Holding 

0.2 

1 1 

- 

3<* 

65 

Sludge  Thickening 

- 

- 

5 

63 

68 

Thermal  Conditioning 

-- 

-- 

- 

— 

-- 

Dewater i ng 

-- 

-- 

26 

559 

585 

Recalcinat ion 

1.3 

77 

20 

818 

915 

Incineration 

- 

-- 

- 

393 

393 

Hau  1 i ng 

0.  1 

6 

7 

78 

91 

Landf i 1 1 

0.1* 

21* 

5 

106 

133 

1 nst  rumentat ion 

0.5 

30 

-- 

25 

55 

Land  Required  (100  acres) 

* 

* 

-- 

— 

Site  Work  and  Piping 

2.1* 

1 1*2 

-- 

201 

363 

Garage  and  Shop 

0.  1 

6 

-- 

-- 

6 

Administration  and 

Laboratory  Facilities 

0.2 

12 

.. 

22e 

260 

Out  fa  1 1 

-- 

- 

— 

— 

-- 

Total  Construction  Cost 

52.1* 

3.097 

159 

8,679 

11.735 

Eng i neer i ng  , Lega 1 , 
Administration  and 
Cont Ingenc ies 

15.7 

927 

927 

Total  Project  Cost 

68.  1 

1*  ,021* 

159 

8,679 

12,662 

* Cost  of  additional  land  is  not  available. 
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TABLE  8 


COST  ESTIMATE 
FOR 

400  MGD  MOUTH  OF  HURON  RIVER  WASTEWATER  TREATMENT  PLANT 

Amortized  Amortized  Operation  Tc'dl 

Construction  Replacement  and  Treatment 

Construction  Cost  Cost  Maintenance  Com 

Cost  Thousands  Thousands  Thousands  Thfcsands 

Mill  ions  of  of  of  • ♦ 

of  Dollars  Dollars  Dollars  Dol'd' 

Pol  lars  PrrVear  Per  Year  Per  rr^r  Ftl  I 


Paw  Waste  Pumping 

8.8 

520 

-- 

409 

929 

Preliminary  Treatment 

1 .4 

83 

— 

445 

528 

Primary  Clarifiers 

8.6 

508 

-- 

177 

685 

Intermediate  dumping 

-- 

— 

-- 

— 

— 

Ae rat i on  Tanks 

11.5 

679 

-- 

— 

679 

Diffused  Air  System 

5.3 

313 

82 

1,113 

1 .508 

Secondary  Clarifiers 

12.8 

756 

— 

390 

1 . 146 

Nitrification  Tanks 

13.7 

809 

— 

-- 

809 

Diffused  Air  System 

5.3 

313 

82 

1,124 

1.519 

Clarifiers 

12.8 

756 

— 

390 

1,146 

Two-Stage  Lime 
C lari f icat ion 

22.5 

1.329 

4,920 

6.249 

Multi-Media  Filtration 
Den i tr i f i cat  ion 

20.5 

1,211 

4,278 

5.489 

Granular  Carbon  Adsorption 

39.0 

2.303 

60 

2,803 

5,166 

Chlorine  Contact  Tanks 

0.9 

53 

-- 

— 

53 

Chlorination  Feed  System 

2.0 

1 18 

-- 

246 

364 

Sludge  Holding 

0.8 

47 

-- 

55 

102 

Sludge  Thickening 

0.6 

35 

9 

21 

65 

Thermal  Conditioning 

-- 

— 

- 

- 

- 

Dewater i ng 

4.7 

278 

73 

1.552 

1.903 

Reca 1 c i nat i on 

2.4 

142 

37 

2,190 

2,369 

Incineration 

— 

-- 

— 

— 

- 

Hau 1 i ng 

0.3 

18 

22 

369 

409 

Landf i I 1 

3.4 

201 

38 

722 

961 

Inst  rumentat ion 

1 . <4 

83 

-- 

70 

153 

Land  Required  (205  acres) 

0.3 

1 8 

-- 

— 

18 

Site  Work  and  Piping 

6.1 

360 

-- 

51  1 

871 

Garage  and  Shop 

0.7 

41 

-- 

-- 

41 

Administration  and 

Laboratory  Facilities 

1.3 

77 

-- 

4 38 

515 

Out  fall 

0.4 

24 

-- 

- 

24 

Total  Construction  Cost 

187.5 

11,075 

403 

22,223 

33.701 

Engineering,  Legal,  Admini- 
stration, and  Contingencies 

56.3 

3,325 

-- 

-- 

3.325 

Total  Project  Cost 

243.8 

14,400 

403 

22,223 

37.026 

1 1 


TABLE  9 


COST  ESTIMATE 
FOR 

525  MGD  MOUTH  OF  HURON  RIVER  WASTEWATER  TREATMENT  PLANT 


Construct  ion 
Cost 

Millions 

of 

Dol lars 

Amort i zed 
Const  ruct ion 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Amort i zed 
Rep  1 acement 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Ope  rat i on 
and 

Ma i ntenance 
Thousands 
of 

Dol lars 
Per  Year 

Total 
T reatn*ent 
Cost 

Thousands 

of 

Dol 1 ar s 
Per  Year 

Raw  Waste  Pumping 

10.8 

638 

-- 

527 

1 ,165 

Prel'.nirary  Treatment 

1.7 

100 

-- 

565 

665 

Pr imary  C lar  i f iers 

1 1 . 1 

656 

- 

218 

87A 

Intermediate  Pumping 

-- 

-- 

-- 

-- 

— 

Ae rat i on  Tanks 

15.0 

886 

-- 

— 

e86 

Diffused  Air  System 

6.6 

390 

102 

1 , A A 1 

1 .933 

Secondary  Clarifiers 

16.7 

986 

- 

A98 

1 ,A6A 

Nitrification  Tanks 

17.6 

1 ,039 

- 

- 

1,039 

Diffused  Air  System 

6.6 

390 

102 

1 , A38 

1.930 

Clarifiers 

16.7 

986 

-- 

A98 

1 , A8A 

Two-Stage  Lime 
Clarification 

29.0 

1.713 

-- 

6,381 

8.09A 

Multi-Media  Filtration 
Den i t r i f i cat  ion 

27.0 

1,595 

-- 

5,519 

7, 1 1A 

Granular  Carbon  Adsorption 

51.0 

3,012 

79 

3,603 

6.69A 

Chlorine  Contact  Tanks 

1 . 1 

65 

-- 

-- 

65 

Chlorination  Feed  System 

2.5 

1A8 

-- 

308 

A56 

Sludge  Holding 

0.9 

53 

- 

68 

121 

Sludge  Thickening 

0.8 

A7 

12 

28 

87 

Thermal  Conditioning 

-- 

- 

-- 

-- 

-- 

Dewate  r i ng 

5.9 

3 A8 

91 

2,008 

2 , A A 7 

Recalc inat ion 

2.7 

159 

A2 

2,930 

3,131 

Incineration 

-- 

-- 

-- 

-- 

- 

Hau 1 i ng 

0.A 

2A 

29 

A85 

538 

Landf  i 1 1 

A.  1 

2A2 

A6 

797 

1,085 

1 nst  rumentat i on 

1.8 

106 

- 

90 

196 

Land  Required  (2b$  acres) 

0.3 

20 

-- 

- 

20 

Site  Work  and  Piping 

7.9 

A 6 7 

- 

632 

1 .099 

Garage  and  Shop 

0.8 

A/ 

-- 

-- 

A7 

Administration  and 

Laboratory  Facilities 

1 .6 

95 

— 

517 

612 

Out  fa  1 1 

0 . A 

2A 

— 

-- 

2A 

Total  Construction  Cost 

2AI  .0 

1 A .236 

503 

28,551 

A3. 290 

Engineering,  Legal,  Admini- 
stration, and  Contingencies  72.3 

A, 270 

— 

-- 

A, 270 

Total  Project  Cost 

313.3 

18,506 

503 

28,551 

A7.560 

TABLE  10 


COST  ESTIMATE 
FOR 

806  MGO  DETROIT  WASTEWATER  TREATMENT  PLANT 


Const  ruct ion 
Cost 

Millions 

of 

Dol 1 ar s 

Amort i zed 
Construct i on 
Cost 

Thousands 

of 

Dol tars 
Per  Year 

Amort i zed 
Pep  1 acement 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Ope  rat i on 
and 

Ma intenancc 
Thousands 
of 

Dol lars 

Per  Year 

Total 
T reatment 
C o«.t 

Thousands 

of 

Dol lars 

Per  Year 

Raw  Waste  Pumping 

-- 

— 

.. 

799 

799 

Preliminary  Treatment 

-- 

- 

-- 

818 

sis 

Primary  Clarifiers 

9.0 

532 

-- 

318 

850 

Intermediate  Pumping 

-- 

— 

-- 

-- 

— 

Ae rat i on  Tanks 

19.5 

856 

-- 

— 

856 

Diffused  Air  System 

6. A 

378 

H2 

2,124 

2,699 

Secondary  Clarifiers 

19.0 

1 .122 

— 

730 

1.852 

Nitrification  Tanks 

27-0 

1.595 

— 

— 

1 .595 

Diffused  Air  System 

9-3 

599 

ILL 

2,156 

2,899 

C lar i f i ers 

25.0 

1 ,f»77 

-- 

730 

2,207 

Two- St  age  Lime 
C lar if i cal Ion 

43.0 

2 ,590 

9.620 

12,160 

Multi-Media  Filtration 
Den i t r i f i cat  ion 

92.0 

2 .2*81 



8,178 

10,659 

Granular  Carbon  Adsorption 

75-0 

4, 1*30 

116 

5,295 

9.891 

Chlorine  Contact  Tanks 

— 

-- 

— 

— 

-- 

Chlorination  Feed  System 

3.5 

207 

-- 

950 

657 

Sludge  Holding 

0.7 

41 

-- 

89 

130 

Sludge  Thickening 

0.6 

35 

17 

92 

99 

Thermal  Conditioning 

— 

— 

- 

— 

- 

Dewater i ng 

- 

— 

138 

2,990 

3,078 

P.ecalcinat  ion 

3.9 

201 

53 

9,350 

9,609 

Incinerat ion 

— 

- 

— 

-- 

-- 

Haul i ng 

0.5 

30 

36 

925 

991 

Landf i 1 1 

6.5 

384 

72 

1 ,218 

1 ,679 

Inst  rumentat ion 

2.0 

118 

-- 

100 

218 

Land  Required  (320  acres) 

A 

* 

- 

- 

* 

Site  Work  and  Piping 

9.9 

585 

— 

OO 

Vi> 

-*4 

1 ,982 

Garage  and  Shop 

0.6 

35 

— 

— 

35 

Administration  and 

Laboratory  Facilities 

0.7 

91 

— 

697 

688 

Out  fa  1 1 

— 

— 

-- 

-- 

— 

Total  Construction  Cost 

298.6 

17,637 

718 

92,921 

60,776 

Engineering,  Legal,  Admini- 
stration, and  Contingencies  89.6 

5,292 

— 

-- 

5,292 

Total  Project  Cost 

388.2 

22,929 

718 

92,921 

66,068 

A Cost  of  additional  land  is  not  available. 
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been  included  for  recirculation  and  removal  of  the 
bio-mass  in  the  activated  sludge  system.  Approximately 
90  percent  removal  of  COD  and  suspended  solids  is  antici- 
pated in  this  process  step. 

5.  Nitrification  and  clarification.  This  biological  treat- 
ment step  is  similar  in  operation  to  a conventional 
activated  sludge  process.  The  ystem  is  designed,  however, 
to  create  a bio-mass  of  nitrifying  bacteria  to  convert 
ammonia  nitrogen  to  the  nitrate  and  nitrite  forms.  Nitrifi- 
cation also  further  reduces  the  levels  of  BOD  and  COD. 

6.  Two-stage  lime  clarification.  Chemical  clarification  is 
recommended  ter  phosphorus  .and  tieavy  metal  removal.  A 
two-stage  process  is  necessary  for  achieving  a high  degree 
of  phosphorus  removal  w’ith  wastewaters  low  in  bicarbonate 
alkalinity.  1 n addition,  the  high  pH-lower  pH  first  and 
second  stages  were  planned  far  ontimum  precipitation  of 
heavy  metals.  Recarbonation  follows  both  stages  to 
reduce  ttie  pH  to  an  acceptal  lo  level. 

7.  Multi-media  filtration  and  denitrification.  The  polishing 
filtration  stage  is  provided  to  remove  about  90  percent  of 
the  suspended  solids  carryover  from  the  chemical  clarifiers. 
Nitrates  formed  during  the  nitrification  step  are  converted 
to  nitrogen  gas  by  denitrifying  bacteria,  if  an  additional 
carbon  source  is  provided.  Laboratory  and  pilot  plant 
studies  have  shown  that  nitrate  removals  greater  than 

90  percent  can  lie  accomplished  in  packed  reactors.  Nitrate 
removal  in  multi-media  filters  will  require  the  addition 
of  methanol  as  a carbon  source  and  will  result  in  the  need 
for  more  frequent  backwashing  than  if  the  filters  were 
used  only  for  removal  of  suspended  solids. 

8.  Chlorination.  The  treated  municipal  and  industrial  waste- 
water  will  normally  be  chlorinated  for  disinfection  purposes 
only.  This  step  will  reduce  the  coliform  count  to  a level 
below  1,000  per  100  ml.  Breakpoint  chlorination  capability 
will  be  provided  as  a backup  system  to  remove  ammonia  nitrogen 
if  the  biological  nitrification  process  is  upset  or  tempo- 
rarily out  of  service. 
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9.  Activated  carbon  adsorption.  Granular  activated  carbon  will 
adsorb  a large  percentage  of  the  refractory  organic  material 
remaining  after  filtration.  This  includes  tanins,  lignins, 
proteinaceous  substances,  pesticides,  and  similar  trace 
materials.  A carbon  contact  time  of  about  15  minutes  will 
remove  50  to  60  percent  of  the  remaining  organics  and  result 
in  a final  effluent  BOD,,  and  COD  of  1 and  10  mg/1,  respectively. 
Further  reductions  could  be  obtained  with  longer  contact  times 
or  a second  carbon  adsorption  step.  It  is  anticipated  that 
carbon  adsorption  will  also  assist  in  further  reducing  the 
concentrations  of  heavy  metals  in  the  effluent  and  in  removing 
toxic  chloramines  resulting  from  temporary  utilization  of  the 
breakpoint  chlorination  process. 

Following  is  a brief  discussion  of  each  of  the  seven  municipal- 
industrial  wastewater  treatment  plants  which  outlines  features 
unique  to  each  particular  location.  The  specific  facilities  compli- 
ment the  unit  processes  common  to  all  plants  as  presented  in  the 
previous  general  discussion. 

Adrian  (12  mgd)  - The  flow  schematic  for  the  proposed  Adrian 
wastewater  treatment  plant  is  presented  in  Figure  6.  This  will  be 
a completely  new  facility. 

Adrian  is  the  only  plant  with  cyanide  in  the  raw  wastewater 
profile.  Therefore,  a unique  feature  of  the  Adrian  facility  is 
the  use  of  alkaline  chlorination  for  cyanide  removal.  This  process 
involves  addition  of  chlorine  ahead  of  the  lime  clarification  process 
to  oxidize  the  cyanide  ion  to  carbon  dioxide  and  nitrogen  gas. 

The  proposed  sludge  handling  sequence  for  the  Adrian  plant 
consists  of  flotation  thickening  of  waste  biological  sludge  prior 
to  mixing  with  primary  sludge.  The  mixed  sludges  will  be  thermally 
conditioned  and  dewatered  on  vacuum  filters.  Sludge  cake  from  the 
vacuum  filters  will  be  hauled  to  landfill  for  disposal  with  liquor 
from  the  thickening,  thermal  conditioning,  and  dewatering  processes, 
returned  to  the  wastewater  flow  ahead  of  the  aeration  tanks.  Chemical 
sludge  from  the  lime  clarification  process  will  be  dewatered  on 
vacuum  filters  with  the  sludge  cake  hauled  to  landfill  disposal. 

Filtrate  from  the  vacuum  filter  process,  and  multi-media  filter 
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backwash  water  will  be  returned  to  the  flow  stream  entering  the 
tirst-stage  chemical  clarifier.  Sludge  holding  facilities  with 
mixing  equipment  will  be  provided  for  both  the  mixed  primary  and 
waste  biological  sludge,  and  the  chemical  siudge  from  the  lime 
clarification  process. 

Port  Huron  (24  mgd)  - The  proposed  Port  Huron  wastewater 
treatment  plant  is  designed  to  take  maximum  advantage  of  existing 
facilities.  The  flow  schematic  for  the  proposed  plant  is  shown  in 
Figure  7.  Existing  raw  water  pumping,  preliminary  treatment, 
primary  clarif ication,  and  secondary  clarification  facilities  are 
of  adequate  design  and  sufficient  capacity  to  be  incorporated  in 
the  proposed  expanded  treatment  facility.  The  existing  activated 
sludge  and  chlorination  unit  processes  will  be  used  and  expanded 
to  meet  the  system  design  capacity.  The  remaining  processes 
(nitrification,  chemical  clarification,  multi-media  filtration, 
denitrification,  and  carbon  adsorption)  are  proposed  as  completely  new 
installations . 

Primary  and  waste  activated  sludge  will  be  mixed  prior  to 
thickening  in  an  existing  gravity  thickener.  The  thickened  sludge 
will  be  thermally  conditioned  in  existing  units  and  dewatered  with 
existing  centrifuges.  The  dewatered  sludge  will  be  hauled  to  a 
landfill  for  disposal.  Lime  sludge  from  the  two-stage  lime 
clarification  process  will  be  dewatered  on  new  vacuum  filters  with 
sludge  cake  hauled  to  landfill  for  disposal.  Sludge  holding 

I 

facilities  for  the  primary  and  waste  biological  sludge  are  four 
old  anaerobic  digesters  converted  to  holding  tanks.  New  sludge 
holding  tanks  are  necessary  for  the  chemical  sludge. 

Monroe  (40  mgd)  - A flow  schematic  for  the  proposed  Monroe 
wastewater  treatment  plant  is  presented  in  Figure  8.  As  indicated, 
extensive  use  has  been  made  of  existing  facilities  although  addi- 
tional capacity  is  required  in  the  following  processes. 

1.  Raw  waste  pumping. 

2.  Screening  and  grit  removal. 
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3.  Primary  clarification. 

4.  Aeration  and  secondary  clarification. 

5.  Incineration. 

6.  Chlorination. 

The  Monroe  plant  is  presently  designed  to  provide  primary 
treatment  for  22  mgd  of  municipal-industrial  wastewater.  Existing 
units  following  primary  clarification  are  designed  to  handle  an 
additional  18  mgd  of  paper  mill  wastewater.  An  intermediate  pumping 
lift  is  provided  ahead  of  the  aeration  phase. 

Existing  air  flotation  units  will  be  supplemented  with  addi- 
tional capacity  to  dewater  the  expected  increased  quantities  of 
waste  biological  sludge.  Primary  sludge  will  be  mixed  with 
thickened  waste  biological  sludge  before  chemical  conditioning 
and  dewatering  on  vacuum  filters.  A lower  than  average  vacuum 
filtration  rate  of  3.5  pounds  per  hour  per  square  foot  has  beer 
utilized  in  this  plant  because  paper  mill  sludge  is  difficult  to 
dewater.  Additional  capacity  will  be  necessary  to  supplement  the 
existing  vacuum  filters. 

Filter  cake  will  be  incinerated  and  the  ash  hauled  to  landfill 
for  disposal.  Existing  incinerator  capacity  will  be  expanded  to 
handle  an  additional  9.4  tons  per  day  of  dry  solids.  Lime  sludge 
from  the  chemical  clarification  process  will  be  dewatered  on  vacuum 
filters  with  the  filter  cake  hauled  to  a landfill  for  disposal. 

All  of  the  advanced  waste  treatment  units  in  the  flow  schematic 
have  been  designed  as  entirely  new  units. 

Wayne  County  (125  mgd)  - The  Wayne  County  wastewater  treatment 
plant  also  takes  maximum  advantage  of  existing  treatment  facilities. 
A flow  schematic  of  the  proposed  facility  is  presented  in  Figure  9. 
The  raw  waste  pumping  and  preliminary  treatment  units  at  the  exist- 
ing plant  have  sufficient  capacity  to  meet  the  specified  design 
flow  rate.  Primary  clarification  and  intermediate  pumping  require 
expansion  of  capacity.  A pure  oxygen  activated  sludge  process  is 
presently  utilized;  however , sufficient  capacity  is  not  provided 
to  meet  the  125  mgd  design  value.  A pure  oxygen  system  addition 
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is  proposed  for  secondary  treatment  of  an  additional  25  mgd . Con- 
struction of  additional  capacity  is  also  required  for  secondary 
clarification  and  chlorination  facilities.  The  remainder  of  the 
wastewater  treatment  processes  are  designed  as  new  units. 

Sludge  facilities  at  the  existing  plant  are  adequate  for 
expected  volumes  of  both  primary  and  waste  biological  sludge. 

These  facilities  include  thickening,  sludge  holding,  chemical 
conditioning,  vacuum  filtration,  and  incineration.  Lime  sludge 
from  the  clarification  process  will  be  dewatered  on  existing  vacuum 
filters  prior  to  recalcination.  Recalcination  furnaces  heat  the 
calcium  sludge,  driving  off  the  water  and  carbon  dioxide  leaving 
only  calcium  oxide  (quick  lime).  A portion  of  the  calcium  oxide 
will  be  wasted  to  prevent  a buildup  of  impurities.  The  waste  ash 
from  the  recalcination  furnaces  will  be  hauled  to  a landfill  for 
disposal . 

Mouth  of  Huron  River  (400  mgd  and  525  mgd)  - Two  plant  designs 
have  been  developed  for  the  site  at  the  Mouth  of  the  !!uron  River. 
Both  are  designed  as  completely  new  facilities  and  both  utilize  the 
same  wastewater  treatment  unit  processes.  Flow  schematics  for  the 
two  plants  are  presented  in  Figures  10  and  11. 

The  same  general  arrangement  for  treatment  of  the  liquid  wastes 
as  previously  outlined  will  be  utilized.  Sludge  treatment  facili- 
ties consist  of  flotation  thickening  of  waste  biological  sludge 
which  is  then  mixed  with  primary  sludge.  The  mixed  sludge  is 
chemically  conditioned  and  dewatered  on  vacuum  filters  with  the 
resulting  filter  cake  hauled  to  a landfill  for  disposal.  Lime 
sludge  from  the  chemical  clarification  process  will  be  dewatered 
on  vacuum  filters  and  the  sludge  cake  will  be  recalcined  to  recover 
lime.  Waste  recalcination  ash  will  be  hauled  to  a landfill. 

Detroit  (806  mgd)  - The  flow  schematic  for  the  proposed  Detroit 
wastewater  treatment  facility  is  presented  in  Figure  12.  Raw 
waste  pumping  and  preliminary  treatment  facilities  at  the  exist- 
ing Detroit  plant  are  of  sufficient  capacity  to  handle  the 
specified  flow  volume.  Existing  primary  clarification,  aeration, 
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secondary  clarification,  and  chlorination  unit  processes  will 
be  utilized  in  the  proposed  facility,  but  will  require  expansion 
of  present  capacity.  The  remaining  wastewater  treatment  processes 
are  designed  as  new  units. 

Waste  biological  sludge  is  thickened  and  mixed  with  primary 
sludge.  The  mixed  sludge  is  then  chemically  conditioner:  and  de- 
watered on  existing  vacuum  filters  with  the  filter  cake  hauled  to 
a landfill  for  disposal.  Lime  sludge  from  the  chemical  clarifi- 
cation process  will  be  dewatered  on  existing  vacuum  filters  with 
the  sludge  cake  recalcined.  Waste  recalcination  ash  will  also  be 
hauled  to  a landfill. 

Recommended  Stormwater  Treatment  Systems 

Flow  schematics  for  the  seven  proposed  stormwater  treatment 
facilities  are  presented  in  Figures  13  through  19.  Cost  estimates 
are  developed  in  Tables  11  through  17.  All  plants  are  designed  as 
completely  new  facilities  and  all  use  the  same  treatment  processes. 
Stormwater  is  pumped  at  a controlled  rate  from  temporary  storage 
facilities.  It  has  been  assumed  that  the  equivalent  of  primary 
treatment  is  provided  at  the  storage  site.  Treatment  arrangements 
presented  herein,  therefore,  deal  only  with  the  secondary  and 
advanced  waste  treatment  requirements. 

Alternatives  for  biological  treatment  of  the  stormwater  flow 
were  evaluated  in  detail.  It  was  concluded  that  biological  systems 
cannot  be  operated  in  a manner  that  responds  satisfactorily  to  the 
intermittant  nature  of  stormwater  flows.  The.  proposed  stormwater 
treatment  plants  consist  of  the  following  unit  processes: 

1.  Two-stage  lime  clarification.  This  unit  process  is 

identical  to  that  provided  for  the  treatment  of  municipal 
t and  industrial  wastewaters  except  that  recarbonation  is 

not  required  after  the  second  stage  of  lime  clarification. 
Adjustment  of  pH  will  be  accomplished  in  the  breakpoint 
chlorination  process. 
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COST  ESTIMATE 
FOR 

1 25  MGD  EAST  CHINA  STORMWATER  TREATMENT  PLANT 


Const  ruct 1 on 

Amort i zed 
Const  ruct ion 
Cost 

Amort i zed 
Replacement 
Cost 

Ope  ration 
and 

Ma i ntenance 

Total 
T reat  ment 
Cost 

Cost 

Millions 

of 

Dol lars 

Thousands 

of 

Dol lars 
Per  Year 

Thousands 

of 

Dol lars 
Per  Year 

Thousands 

of 

Dol lars 
Pe  r Yea  r ^ I ) 

Thousands 

of 

Dol lars 
Per  Ycuf  1 

Two  Stage  Lime 

C lar i f icat ion 

6.3 

372 

-- 

576 

948 

Multi -Media  Fil ‘ration 

**.5 

266 

-- 

267 

u) 

Carbon  Adsorption 

18.0 

1.063 

28 

438 

1,52° 

Chlorine  Contact  Tanks 

0.2 

lb 

-- 

-- 

14 

Chlorination  Feed  System 

0.5 

30 

-- 

191 

221 

Sludge  Holding 

0.2 

12 

-- 

17 

29 

Vacuum  F i 1 1 rat i on 

0.8 

47 

12 

44 

'03 

Reca 1 c i nat ion 

-- 

— 

-- 

-- 

-- 

Hau 1 i ng 

0. 1 

4 

5 

6) 

70 

Landf  i 1 1 

0.9 

50 

10 

246 

306 

Instrumentat ion 

0.3 

18 

-- 

15 

33 

Land  Required  (60  acres) 

0.  1 

5 

— 

-- 

5 

Site  Work  and  Piping 

1.2 

71 

-- 

100 

171 

Garage  and  Shop 

0.2 

1 1 

— 

-- 

1 1 

Administrat ion  and 
Laboratory  Facilities 

0.7 

39 

114 

153 

Out  f al 1 

0.2 

12 

-- 

-- 

12 

Total  Construction  Cost 

3'-. 2 

2 ,0 ! 4 

55 

2,069 

4.138 

Engineering,  Legal,  Admini- 
stration and  Contingencies 

10.3 

608 

608 

Total  Project  Cost 

bit. 5 

2,622 

55 

2,069 

4,746 

(I) 


The  operation  and  maintenance  cost  and  total  treatment  cost  in  thousands  of  dollars 


per  year  are  based  on  the  average  yearly  flow  rate  of  36.3  mgd . 
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COST  ESTIMATE 
FOR 

225  MGD  PLYMOUTH  OR  YPSILANTI  STORMWATER  TREATMENT  PLANT 


Construct  ion 
Cost 

Millions 

of 

Do  1 1 a rs 

Amort i zed 
Const  ruct ion 
Cost 

Thousands 

of 

Do  1 1 ars 
Per  Year 

Amort i zed 
Pep  1 acenen  t 
Cost 

Thousands 

of 

Do  1 1 a rs 
Per  Year 

Ope  rat  ion 
and 

Ma i ntenance 
Thousands 
of 

Dol  lar* 

Pe  r Yea  r ( 1 ) 

Tot  a 1 
T re a t men  * 
Cost 

Thousands 
• f 

Dn 1 lars 

Two  Staqe  Lime 

Clarification 

10.6 

626 

983 

1 t03 

Multi-Media  nitration 

7.5 

AA3 

- 

393 

F?6 

Carbon  Adsorption 

30.2 

1 .78A 

A7 

68 

2 . ) 2 

Chlorire  Contact  Tanks 

0 . A 

2 A 

-- 

- 

ju 

Chlorination  Feed  System 

0.7 

A 1 

- 

317 

3Sh 

Sludge  Holding 

0.3 

18 

-- 

23 

M 

Vacuum  F i 1 1 rat i on 

1.3 

77 

20 

73 

1 70 

Reca Ic i nat ion 

1.8 

106 

28 

538 

672 

Hau ) i ng 

0.0A 

2 

3 

16 

21 

landf i 1 1 

0.2 

12 

2 

61 

75 

Instrumental  ion 

0.5 

30 

-- 

25 

55 

Land  Required  (85  acres) 

0.  1 

7 

— 

- 

7 

Site  Work  and  Piping 

2.1 

12A 

-- 

’56 

280 

Garage  and  Shop 

0.3 

18 

-- 

-- 

13 

Administrat ion  and 

Laboratory  Facilities 

0.9 

53 

-- 

157 

210 

Out  fa  1 1 

0. 1 

6 

-- 

-- 

£ 

Total  Construction  Cost 

57.0 

3.371 

100 

3 .^2  3 

6.85U 

Engineering,  Legal,  Admini- 
stration and  Contingencies 

17.1 

1 ,010 

-- 

-- 

1,01C 

Total  Project  Cost 

7A.  1 

A.  381 

100 

3.^23 

7,S0i* 

(1) 


The  operation  and  maintenance  cost  and  total  treatment  cost  in  thousands  of  dollars 
per  year  are  based  on  the  average  yearly  flow  rate  of  65.3  mgd. 
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COST  ESTIMATE 
FOR 

400  MGD  MACOMB  COUNTY  STORMWATER  TREATMENT  PLANT 


Construct  ion 
Cos  t 

Millions 

of 

Dol lars 

Amort i zed 
Const  ruct ion 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Amort i zed 
Rep lacement 
Cost 

Thousands 

of 

Dol  1 a rs 
Per  Year 

Ope  rat  ion 
and 

Ma  i n tenance 
Thousands 
of 

Dol lars 
Pe r Year ( 1 ) 

Total 
T reatmen 
Co*  t 

Thousar  d 
of 

Do  liar 
Per  Year 

Two  Stage  Lime 

C 1 a r i f i c a t i on 

17.7 

' , 0l*5 

.. 

1.677 

2,72. 

Multi -Media  Filtration 

'3.0 

768 

- 

573 

1 ,3M 

Carbon  Adsorption 

5'  .5 

3,01*2 

80 

1 ,07' 

6,193 

Chlorine  Contact  Tanks 

0.7 

38 

-- 

-- 

38 

Chlorination  Feed  System 

1.0 

59 

- 

536 

5f5 

Sludge  Holding 

0.1 1 

2k 

-- 

3i* 

58 

Vacuum  F i 1 1 rat  ion 

2.  1 

\2k 

33 

121 

2 76 

Reca 1 c i nat ion 

2.1. 

11*2 

37 

7 76 

955 

Haul i ng 

0.0k 

2 

3 

19 

2k 

Landf i 1 1 

0.3 

18 

3 

91 

112 

1 nst  rumentat  i on 

0.8 

1*7 

-- 

1*0 

87 

Land  Required  (125  acres) 

0.2 

10 

-- 

— 

10 

Site  Work  and  Piping 

3.  ' 

183 

- 

248 

631 

Garage  and  Shop 

O.k 

2k 

-- 

-- 

2 k 

Administration  end 

Laboratory  Facilities 

1.3 

77 

— 

220 

2°7 

Out  fa  1 1 

1.9 

1 12 

— 

-- 

1 12 

Total  Construction  Cost 

96.8 

5,715 

156 

5.606 

11,277 

Engineering,  Legal,  Admini- 
stration and  Contingencies  29.0 

1,7'3 

-- 

-- 

1.713 

Total  Project  Cost 

125.8 

7,1*28 

156 

5.1*06 

1 2 , 590 

*'^The  operation  and  maintenance  cost 
per  year  are  based  on  the  average 

and  total  treatment  cost  in 
yearly  flow  rate  of  116  mgd. 

thousands  of 

dol lars 

44 


L I ME 


TWO  STAGE  LIME  CLAR I F I CAT  I OH 
FIRST  STAGE  SECOND  STAGE 

MIXING.  FLOCCULATING 

FLOCCULATING  A CLAR I F I CAT  I ON 

& CLARIFICATION  carbon  oioxidl 


OUT  FALL 


flow  schematic 


LEGEND 
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MAXIMUM  FLOW  RATE  MGD 


FIGURE  16 


TABLE  16 


» 


COST  ESTIMATE 
FOR 

600  MGD  CONNER  CREEK  STORMWATER  TREATMENT  PLANT 


Construct  ion 
Cost 

Millions 

of 

Dol la  rs 

Amort i zed 
Const  ruct ion 
Cost 

Thousands 

of 

Dol 1 ars 
Per  Year 

Amort i zed 
Rep lacement 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Ope  rat  ion 
and 

Ma i ntenance 
Thousands 
of 

Dol lars 
Pe  r Yea  r ( I ) 

Tot  a • 

T reatmen* 
Cost 

Thousands 
of 
£ 1 1 .1 
Per  Ycj r ( 

Two  Stage  L i me 

C 1 a r i f i c a t i on 

26.0 

1 ,536 

2,66$ 

3,3  1 

Multi -Media  Filtration 

19.5 

1,152 

-- 

756 

1.906 

Carbon  Adsorption 

75.0 

6,630 

H6 

1 .537 

6,083 

Chlorine  Contact  Tanks 

0.9 

53 

— 

— 

53 

Chlorination  Feed  System 

2.5 

168 

— 

1 ,670 

1 ,818 

Sludge  Holding 

0.5 

30 

— 

36 

66 

Vacuum  F i 1 1 rat i on 

2.3 

136 

36 

137 

309 

Reca lc i nat ion 

2.9 

171 

65 

1 ,060 

1,276 

Hau 1 i ng 

0. 1 

6 

7 

63 

56 

Landf i 1 1 

0.3 

18 

3 

107 

128 

Instrumental  ion 

l .0 

59 

— 

50 

109 

Land  Required  (160  acres) 

0.2 

13 

- 

-- 

13 

Site  Work  and  Piping 

6.6 

272 

-- 

350 

622 

Garage  and  Shop 

0.5 

32 

-- 

— 

32 

Administration  and 

Laboratory  Facilities 

1.7 

100 

-- 

273 

37? 

Outfall 

0.6 

26 

— 

-- 

26 

Total  Construction  Cost 

138.6 

8,180 

207 

8,662 

16,869 

Engineering,  Legal,  Admini- 
stration and  Contingencies  41.5 

2,651 

— 

-- 

2,651 

Total  Project  Cost 

179-9 

10,631 

207 

8,662 

19.300 

(I) 


The 

per 


operation  and  maintenance  cost  and  total  treatment  cost  in 
year  are  based  on  the  average  yearly  flow  rate  of  174  mgd. 


thousands  of  dollars 
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TWO  STAGE  LIME  CLARIFICATION 
FIRST  STAGE  SECOND  STAGE 

MIXING.  FLOCCULATING 

FLOCCULATING  4 CLAR i F I CAT  I ON 

4 CLARIFICATION  carbon  dioxide 


IOOO  Uf  1050. CO  1058.51 


FROM 

STORAGE 


OUT  FALL 


SLUDGE 

HOLDING 


LIME  SLUDGE 


SLUDGE  LIQUOR 


SLUDGE  CAKE 


VACUUM  FILTRATION 


FILTER  BACKWASH 


CARBON  ADSORPTION  AND 
BREAKPOINT  CHLORINATION 


MULT  I -MED  I A 
FILTRATION 


1048.71 


FLOW  SCHEMATIC 


LEGEND 


PROPOSED  MONROE  COUNTY  1000  MGD 
STORMWATER  TREATMENT  PLANT 


MAXIMUM  FLOW  RATE  MGD 


FIGURE  17 


TABLE  15 


COST  ESTIMATE 
FOR 

1 ,000  MGO  MONROE  COUNTY  STORMWATER  TREATMENT  PLANT 


Construct  Ion 
Cost 

Millions 

of 

Pol lars 


Amort i zed 

Amort i zed 

Ope  ration 

Total 

Const  ruct i on 

Rep lacement 

and 

T reatmr 

Cost 

Cost 

Ma i ntenance 

Cost 

Thousands 

Thousands 

Thousands 

Thousar* 

of 

of 

of 

of 

Pol lars 

Pol lars 

Do* lars 

Do  1 1 . . r 

Per  Year 

Per  Year 

Per  YearO) 

Per  Yea 

Two  Stage  L i me 


C lar  i f I cat  Ion 

42.0 

2,481 

— 

3,959 

6,440 

Multi -Media  Filtration 

33.0 

1 ,949 

-- 

1 ,071 

3,020 

Carbon  Adsorption 

122.0 

7.205 

189 

2,387 

9.78 

Chlorine  Contact  Tanks 

1.4 

83 

-- 

-- 

83 

Chlorination  Feed  System 

3.6 

213 

-- 

2,783 

2,996 

Sludge  Holding 

0.7 

41 

- 

53 

94 

Vacuum  F i 1 1 rat i on 

3.7 

219 

57 

219 

495 

Reca 1 c i nat ion 

3.7 

219 

57 

1,710 

1,986 

Hau 1 i ng 

0. 1 

6 

7 

40 

53 

Landf i 1 1 

0.5 

30 

6 

'49 

185 

1 nst  rumentat I on 

1.3 

77 

- 

65 

'42 

Land  Required  (220  acres) 

0.3 

18 

- 

- 

16 

Site  Work  and  Piping 

6.3 

372 

- 

548 

920 

Garage  and  Shop 

0.8 

47 

-- 

-- 

47 

Admin i st  rat  ion  and 

Laboratory  Facilities 

2.3 

136 

370 

506 

Out  fa  1 1 

2.3 

136 

-- 

- 

136 

Total  Construction  Cost 

224.0 

13,232 

316 

13.354 

26.902 

Engineering,  Legal,  Admini- 
stration and  Contingencies 

67.2 

3,970 

-- 

3.97C 

Total  Project  Cost 

291.2 

17,202 

316 

13.354 

30.872 

^The  operation  and  maintenance  cost 

and  total  treatment 

cost 

in  thousands  of 

dol lars 

per  year  are  based  on  the  average  yearly  flow  rate  of  290  mgd. 
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1200  m 1260.00  1270.21 


TWO  STAGE  i CLAR  ■ CATION 


FIRST  STAGE  3 E COW D STAGE 

MIXING.  LCCCULATING 

FLOCCULATING  4 CLAR I F ' CAT  I ON 

4 Clarification  cipgpx  p ox  nf 


SLUDGE 

HOLDING 


LIMF  SLUDGE 


SLUDGE  LIQUOR'. 


i SLUDGE  04  »T 


VACUUM  FILTRATION 


I 


»ECAL3 I MAT  I CN 


LANDC  ILL 


FILTER  BACm«4SM 


CARBON  ADSORPTION  ANT 
BREAKPO  NT  CHLORINATION 


MULTI -MFD' A 
r I L~R  A- I ON 


cLfl4  SCHEMATIC 


LEGEND 


PROPOSED  CONNER  CREEK  1200  MGD 
STORMWATER  TREATMENT  DL ANT 


MAXIMUM  FLOW  RATE  MGD 


FIGURE  IP 


TABLE  16 


COST  ESTIMATE 
FOR 

I ,200  MGD  CONNER  CREEK  STORMWATER  TREATMENT  PLANT 


Construct  ion 
Cost 

Millions 

of 

Do  1 1 a rs 

Amort i zed 
Construct  ion 
Cost 

Thousands 

of 

Do! lars 
Per  Year 

Amort i zed 
Rep lacement 
Cost 

Thousands 

of 

Do  I lars 
Per  Year 

Operat ion 
and 

Ma i ntenance 
Thousands 
of 

Dol lars 
Pe r Year ( * ) 

Total 
T reatment 
Cost 

Thousands 

of 

Dol lars 
Per  Year  ^ 

Two  Stage  Lime 
Clarification 

50.2 

2,965 

_ _ 

1*.  751 

1,716 

Multi -Media  Filtration 

1*0.0 

2.  362 

— 

1 ,21*1* 

3.606 

Carbon  Adsorption 

|1*1*.0 

8,505 

223 

2,753 

1 1 ,1.61 

Chlorine  Contact  Tanks 

1.7 

100 

-- 

-- 

100 

Chlorination  Feed  System 

l*,2 

21*8 

— 

3.269 

3,517 

Sludge  Holding 

0.8 

1*6 

-- 

60 

106 

Vacuum  F i 1 1 rat i on 

<*.3 

251* 

67 

256 

577 

Reca 1 c i nat ion 

U . 2 

21*8 

65 

2,050 

2.363 

Hau 1 i ng 

0.  1 

6 

7 

86 

99 

Landf  i 1 1 

0.5 

30 

6 

168 

201* 

Instrumentat ion 

1.5 

86 

-- 

75 

161 

Land  Required  (250  acres) 

0.3 

20 

-- 

-- 

20 

Site  Work  and  Piping 

7.5 

1*1*3 

-- 

613 

1 ,056 

Garage  and  Shop 

0.9 

S'* 

-- 

-- 

51* 

Administration  and 

Laboratory  Facilities 

2.6 

151* 

-- 

1*06 

560 

Out  fa  1 1 

0.7 

1*1 

— 

— 

1*1 

Total  Construction  Cost 

263.5 

15,562 

368 

15,731 

31,661 

Engineering,  Legal,  Admini- 
stration and  Contingencies  79 * * 

1*  ,6  72 

— 

-- 

1*  ,672 

Total  Project  Cost 

31*2.6 

20,231* 

368 

15,731 

36,333 

(I) 


The 

per 


operation  and  maintenance  cost  and  total  treatment  cost  In  thousands  of  dollars 
year  are  based  on  the  average  yearly  flow  rate  of  3^8  mgd. 
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TWO  STAGE  LIME  CLAF I c ' ( A 1 1 ON 
FIRST  STAGE  SECOND  STAGE 

MIXING.  FLOCCULATING 

FLOCCULATING  ? CLAR I F I CAT  I ON 


uw  A CLARIFICATION  carbon  o i ox  nr 


OUT  TALI 


LEGEND 


FLOW  SCHEMATIC 

PROPOSED  MONROE  COUNTY  1400  MGD 
STORMWATER  TREATMENT  PLANT 


I 

FIGURE  19  ! 


MAXIMUM  FLOW  RATE  MGD 


tabu  17 


I 
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COST  ESTIMATE 
FOR 

*«r,D  MHNPQE  county  stormwater  treatment  plant 


Const  ruct ion 
Cost 

Millions 

of 

Ool lars 

Amort i zed 
Const  ruct ion 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Amort i zed 
Rep lacement 
Cost 

Thousands 

of 

Dol lars 
Per  Year 

Ope  ration 
and 

Ma i ntenance 
Thousands 
of 

Dol lars 
Per  Year( ' ) 

Total 
Tre*it  men? 
Cost 

Thousands 

.,f 

Dol la  r \ 
per  Year  ( 1 

Two  Stage  L ime 
Clarificat ion 

59.0 

3.985 

5,961 

8 , 9^6 

Multi -Media  Filtration 

99.0 

2.599 

- 

1,386 

3,985 

Carbon  Adsorption 

165.0 

9,795 

256 

3. "3 

13,119 

Chlorine  Contact  Tanks 

1.9 

1 12 

-- 

- 

112 

Chlorination  Feed  System 

3 . ^ 

201 

- 

2,510 

2,71  1 

Sludge  Molding 

0.9 

56 

-- 

79 

130 

Vacuum  Filtration 

5.5 

325 

85 

323 

733 

Reca  1 c i nat ion 

9.7 

278 

73 

2,320 

2,671 

Hau 1 i ng 

0.1 

6 

7 

98 

61 

Landf i 1 1 

0.6 

35 

7 

199 

2 36 

Inst  rumentat  ion 

1 .9 

83 

- 

70 

'53 

Land  Required  (275  acres) 

0.9 

22 

- 

- 

22 

Site  Work  and  Piping 

8.6 

508 

— 

669 

1,172 

Garage  and  Shop 

1.0 

59 

— 

-- 

59 

Adm i n i s t » a t ion  and 

Laboratory  Facilities 

2.8 

165 

-- 

995 

610 

Out  fa  1 I 

2.8 

165 

-- 

-- 

165 

Total  Construction  Cost 

302.1 

17.899 

928 

16,608 

39,880 

Engineering,  Legal,  Admini- 
stration and  Contingencies 

90.6 

5.351 

-- 

-- 

5,351 

Total  Project  Cost 

392.7 

23.195 

928 

16,608 

90,231 

(\) 


The 

per 


operation  and  maintenance  cost  and  total  treatment  cost  in  thousands  of  dollar1 
year  are  based  on  the  average  yearly  flow  rate  of  ^0 6 ngd. 


A 8 


2.  Multi-media  filtration.  This  process  is  also  the  same  as 
proposed  for  the  municipal  and  industrial  ”.i  ;tewater  flow. 

The  units  will  provide  only  solids  removal,  however; 
methanol  will  not  be  added  and  denitrification  will  not  be 
accomplished  in  the  filtration  step. 

3.  Activated  carbon  adsorption.  A two-stage  carbon  adsorption 
process  is  propos-'d  with  breakpoint  chlor:nation  provided 
between  the  two  stages.  The  carbon  adsorption  will  provide 
the  desired  degree  of  removal  of  soluble  organics.  Break- 
point chlorination  will  eliminate  ammonia  nitrogen.  The 
second  stage  of  carbon  adsorption  is  required  to  remote 
toxic  chloramine  generated  by  chlorination.  Breakpoint 
chlorination  will  also  lower  the  pH  of  the  wastewater  from 
approximately  9.5  to  slightly  over  6.0. 

Sludge  handling  at  all  of  the  plants  consists  of  vacuum 
filtration  of  the  lime  sludge.  The  filter  cake  will  be  recaicined 
to  recover  part  of  the  lime  at  all  plants  with  the  exception  o” 

East  China.  Waste  ash  from  the  recalcination  furnaces  will  be  hauled 
to  a landfill  for  disposal.  At  the  East  China  plant  dewatered  sludge 
will  be  hauled  directly  to  landfill.  Filtrate  from  the  dewatering 
process  and  backwash  from  multi-media  filters  will  be  returned  to 
the  wastewater  flow  ahead  of  the  two-stage  lime  clarification  process. 
Design  Criteria 

The  efficiency  of  a particular  unit  process  is  dependent  upon 
the  rate  at  which  that  process  is  loaded.  Unit  loading  rates  for 
this  study  were  developed  to  optimize  the  treatment  capabilities  of 
each  unit  process  in  an  effort  to  meet  specified  effluent  criteria 
at  the  lowest  possible  cost.  Design  criteria  for  the  various  unit 
processes  were  developed  for  each  location  and  are  presented  in 
Tables  18  through  21. 

A brief  discussion  the  rationale  for  the  selection  of  the 
unit  loading  criteria  for  ach  unit  process  follows: 

Raw  Waste  Pumping  - The  firm  capacity  with  the  largest  pump 
out  of  service  was  designed  to  equal  the  expected  peak  flow  rate 
into  the  treatment  facility. 
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Firm  Blower  Capacity,  1,000  cfm  15.2  17.9  39-3  — 299  395  600 
Secondary  Clarifiers 

Flow  Rate,  mgd  12  2L  kO  125  400  525  806 
Total  Surface  Area,  1,000  ft2  15  33.6  50  156  500  656  1,010 
Overflow  Rate,  gpd/ft2  800  715  800  800  800  800  800 


DESIGN  CRITERIA  FCR  ADVANCED  WASTEWATER  TREATMENT  PROCESSES 


Carbon  Contact  Tire  at  Average  Flow, 


DESIGN  CRITERIA  FOR  SLUDGE  PROCESSING  SYSTEMS 
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STORMWATER  Treatment  PLANTS 
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Preliminary  Treatment  - Preliminary  treatment  includes 
screening,  grit  removal,  and  metering  of  the  raw  wastewater. 

These  facilities  are  all  designed  for  operation  at  the  anticipated 
peak  flow  rate. 

Clarification  Tanks  - Surface  settling  area,  and  to  a cesser 
extent  detention  time,  influence  the  performance  of  sediment;. Li<  1 
tanks  in  removing  solids  from  wastewater.  The  overflow  rit.<  . wnich 
in  effect  is  the  average  upflow  veloci  .,  is  the  parameter  rest 
commonly  ased  for  design.  For  this  study,  a surface  overflew’  rate 
of  1,000  gallons  per  day  per  square  foot  at  the  design  average  flow 
rate  was  used  for  primary  clarification  tanks.  This  provides  an 
average  detention  time  of  approximately  two  hours. 

Clarification  tanks  following  the  aeration  and  nitrificit  on 
processes  were  designed  with  an  overflow  rate  of  800  gallons  per 
day  per  square  foot,  and  a detention  time  of  approximately  2 1/2  hours. 

Aera tion  - The  design  parameter  most,  frequently  utilized  tor 
aeration  tanks  is  the  ratio  of  incoming  P.uD,  to  ictive  bio-mas3. 

Within  the  normal  range  of  ini  leer.  t wastewater  characteristics 
exhibited  at  plants  throughout  the  study  area,  specif ication  cf 
detention  time  adequately  establishes  unit  sizes.  Aeration  tanks 
were  designed  on  the  complete-mix  principle  with  a detention  time 
of  A hours  at  average  flow  and  a volumetric  loading  not  exceeding 
60  pounds  of  BOD,.  per  1,000  cubic  fee'  per  day.  Air  blowers  were 
sized  to  deliver  1,500  cubic  feet  of  air  per  pound  cf  BOD,,  applied. 

Nitrification  - Nitrification  tanks  are  very  similar  in  con- 
struction features  to  aeration  tanks.  The  detention  time  depends 
upon  the  BOD,,  and  ammonia  nitrogen  in  the  influent,  as  well  as  the 
minimum  operating  temperature  and  the  pH  of  the  mixed  liquor.  Air 
requirements  depend  mainly  upon  the  ammonia  nitrogen  and  the  BOD^ 
in  the  influent.  Detention  times  and  air  requirements  were  calculated 
individually  for  each  plant. 

Two-stage  Lime  Clarification  - For  the  municipal  and  industrial 
wastewater  treatment  plants,  an  overflew  rate  of  1,000  gallons  per 
day  per  square  foot  has  been  utilized  for  the  first  stage  and 
1,A00  gallons  per  day  per  square  foot  for  the  second  stage  based 


on  the  design  average  flow  rate.  For  the  stormwater  treatment 
plants  overflow  rates  were  established  at  1,400  gallons  per  day 
per  square  foot  for  the  first  stage  and  2,000  gallons  per  day  per 
square  foot  for  the  second  stage,  based  on  the  peak  treatment  rate. 
The  higher  overflow  rates  for  the  second  stage  clarifiers  have  been 
utilized  because  particles  escaping  the  process  will  be  captured  in 
the  multi-media  filters  which  follow. 

Multi-media  Filtration  - Multi-media  filtration  for  the  storm- 
water and  multi-media  filtration  with  denitrification  for  the 
municipal  and  industrial  waste  flow  are  both  designed  with  a 
filtration  rate  of  5 gallons  per  minute  per  square  foot  at  the  peak 
flow  rate. 

Chlorination  - All  chlorination  facilities  were  designed  to 
provide  a contact  time  of  15  minutes  at  the  peak  flow  rate.  The 
chlorination  feed  systems  at  all  municipal-industrial  and 
stormwater  treatment  plants  were  designed  with  capacity  for  break- 
point chlorination  of  ammonia  nitrogen.  The  facilities  were  sized 
to  provide  10  milligrams  per  liter  of  chlorine  for  each  milligram 
per  liter  of  ammonia  nitrogen  anticipated. 

Carbon  Adsorption  - The  carbon  contact  times  used  for  design 
of  the  municipal  and  industrial  wastewater  treatment  plants  range 
from  17  minutes  for  the  larger  plants  to  20  minutes  for  the  smaller 
plants,  based  on  the  average  flow  rate.  The  carbon  contact  time 
for  the  stormwater  treatment  plants  was  10  minutes  for  each  of  the 
two  stages.  It  is  estimated  that  the  carbon  exhaustion  rate  will 
be  about  250  to  300  pounds  per  million  gallons  for  both  the  storm- 
water and  the  municipal-industrial  wastewater  treatment  plants. 

Flotation  Thickening  - Flotation  thickeners  will  be  used  to 
thicken  waste  biological  sludge  from  approximately  1 percent  solids 
to  about  2 1/2  percent.  The  thickening  tanks  have  been  designed 
with  a surface  loading  rate  of  14.4  pounds  per  square  foot  per  day. 

Sludge  Holding  - Sludge  holding  facilities  at  the  municipal 
and  industrial  wastewater  treatment  plants  will  be  provided  to  hold 
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a minimum  of  one  days'  sludge  production.  At  the  stormwater 
treatment  plants,  similar  tanks  will  hold  12  hours  sludge  production 
at  the  peak  flow  rate. 

Chemical  Conditioning  - Primary  and  waste  biological  sludge  is 
chemically  conditioned  with  lime  and  ferric  chloride  prior  to  vacuum 
filtration  to  improve  dewaterability . Chemical  dosages  have  been 
estimated  to  be  11  pounds  of  lime  and  3 pounds  of  ferric  chloride 
per  100  pounds  of  dry  sludge  solids. 

Thermal  Conditioning  - Thermal  conditioning  of  primary  and 
waste  biological  sludge  in  certain  applications  provides  a material 
which  is  easily  dewatered.  Thermal  conditioning  will  increase  the 
sludge  solids  content  from  about  4 percent  to  approximately  6 1/2  per- 
cent . 

Vacuum  Filtration  - The  filtration  rates  used  for  design  of 
facilities  is  4.5  pounds  per  hour  per  square  foot  for  chemically 
conditioned  sludge  and  13  pounds  per  hour  per  square  foot  for 
thermally  conditioned  primary  and  waste  biological  sludge.  A 
filtration  rate  of  30  pounds  per  hour  per  square  foot  has  been  used 
for  lime  sludge. 

Incineration  and  Recalcination  - Furnaces  to  incinerate  primary 
and  waste  biological  sludge  and  to  recalcine  lime  sludge  will  be  of 
the  multiple  hearth  type.  The  furnaces  will  be  equipped  with  ex- 
haust gas  scrubbers  for  air  pollution  control. 

Transportation  - Trucks  with  capacities  from  10  to  30  cubic 
yards  have  been  assumed  for  hauling  sludge  cake  and  incinerator 
ash  to  landfills  for  disposal.  At  the  four  smallest  municipal 
and  industrial  wastewater  treatment  plants,  the  sludge  can  be  hauled 
during  one  8-hour  shift  each  day.  At  the  Mouth  of  the  Huron  Fiver 
and  Detroit  plants,  the  trucks  will  need  to  operate  16  hours  per 
day. 

At  the  stormwater  treatment  plants,  enough  trucks  have  been 
provided  to  haul  the  sludge  during  one  8-hour  shift  per  day  when  the 
plant  is  operating  at  50  percent  of  maximum  capacity.  During  peak 
operating  periods  trucks  may  have  to  operate  up  to  16  hours  per  day. 
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Outfall  Analysis 

The  effluent  from  the  proposed  wastewater  treatment  plants  in 
the  study  area  will  generally  be  of  higher  quality  than  the  receiv- 
ing waters.  Discharge  facilities  will  disperse  the  treated  effluent 
and  provide  uniform  mixing  to  minimize  temperature  effects. 

A preliminary  outfall  design  has  been  developed  for  each 
stormwater  treatment  plant  and  each  new  municipal-industrial 
facility.  The  estimated  peak  flow  rate,  outfall  pipe  size,  and 
length  of  diffuser  pipe  is  presented  in  Table  22. 

System  Reliability  and  Performance 

A reliable  treatment  system  must  contain  safeguards  to  avoid 
the  discharge  of  inadequately  treated  wastewater,  even  when  a part 
of  the  entire  system  is  not  functioning  as  intended. 

A combination  of  unit  processes  has  been  incorporated  into  the 
design  of  the  proposed  wastewater  treatment  systems  which  will  pro- 
vide a high  degree  of  system  performance  reliability.  Extensive  use 
has  been  made  of  flexible  unit  operations,  thus  providing  the  capa- 
bility for  removal  of  objectionable  constituents  in  more  than  one 
process.  Treatment  units  will  be  integrated  into  the  total  treatment 
system  in  such  a manner  that  an  individual  unit  can  be  taken  out  of 
service  for  repair  or  maintenance  with  the  normal  flew  being  dis- 
tributed to  the  other  units.  Computer  control  and  operation  of  each 
plant  is  recommended  with  extensive  use  of  instrumentation  to  moni- 
tor the  flow  and  quality  of  the  wastewater  after  each  major  treatment 
process.  The  arrangement  of  the  unit  processes  offers  a certain 
degree  of  reliability.  If,  for  example,  the  aeration  process  is 
upset  and  out-of-service , overall  ROD  and  COD  removals  approaching 
desired  goals  should  still  be  expected.  Also,  breakpoint  chlorina- 
tion can  be  used  to  remove  nitrogen  from  the  wastewater  if  the 
biological  nitrification-denitrification  facilities  at  the  municipal- 
industrial  treatment  facilities  are  not  functioning  properly.  Good 
preventive  maintenance  programs  should  minimize  downtime  due  to  equip- 
ment repairs.  It  is  also  anticipated  that  the  wastewater  treatment 
plants  will  be  connected  to  more  than  one  source  of  power. 


57 


TABLE  22 

PROPOSED  EFFLUENT  DISCHARGE  FACILITIES 


Peak 
Flow 
Rate , 
cf  s 


Municipal  and  Industrial  Wastewate 


Adrian  (12  mgd) 

b7 

Port  Huron  (2b  mgd) 

75 

Monroe  (bO  mgd) 

12A 

Wayne  County  (125  mgd) 

291 

Mouth  of  Huron  River 
(^00  mgd) 

866 

Mouth  of  Huron  River 
(525  mgd) 

],\b0 

Detroit  (806  mgd) 

1 ,750 

Stormwater  Treatment  Plants 

East  China  (125  mgd) 

195 

Plymouth  or  Ypsilanti 
(225  mgd) 

350 

Macomb  County  (bOO  mgd) 

620 

Conner  Creek  (600  mgd) 

930 

Monroe  County 
(1 ,000  mgd) 

1 ,550 

Conner  Creek 
( 1 ,200  mgd) 

1 ,860 

Monroe  County 
(1 ,^00  mgd) 

2,170 

* Use  Existing  Facilities. 


Length 

Outfa I 1 P i pe  of 

Diameter,  inches  D i f fuser  P i pe 

Treatment  Plants 


bl 

100 

* 

120 

1 ,000 

126 

1 ,000 

72 

100 

78 

100 

126 

1 ,000 

120 

1,000 

2 x 126 

1 ,000 

2 x 120 

1 ,000 

2 x ]bb 

1 ,000 
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The  performance  of  a system  depends  upon  reliability  and  the 
removal  efficiency  of  each  unit  process.  The  effluent  quality  after 
each  unit  process  has  been  estimated  for  each  treatment  plant  and 
is  presented  in  Tables  23  and  24. 

Multiple  Use  Opportunities 

Landfills  were  costed  on  the  basis  of  one  location  for  each 
wastewater  treatment  plant.  A cost  saving  could  be  achieved  for  the 
smaller  plants  if  large  joint  landfill  facilities  were  constructed  at 
two  disposal  areas.  The  largest  of  the  two  landfill  areas  would  be 
near  either  tecumseh  or  Adrian.  This  landfill  would  serve  all  plants 
except  Port  Huron,  Macomb  County,  and  East  China  Township.  The 
smaller  landfill  serving  those  three  plants  would  be  located  near 
Emmet . 

Waste  recalcination  ash  and  incinerator  ash  could  be  deposited 
in  sanitary  landfills  used  for  refuse  disposal  if  the  solids  content 
could  be  maintained  consistently  above  50  percent.  However,  it  is 
recommended  that  the  ash  be  kept  separate  from  refuse  in  landfill 
disposal  operations. 

For  cost  estimating  purposes,  each  plant  with  lime  recalcination 
was  considered  to  have  its  own  facilities.  It  is  recommended  that 
after  the  final  selection  of  plant  combinations,  two  or  three  large 
centrally  located  recalcination  facilities  be  constructed  at  storm- 
water plants.  Dewatered  lime  sludge  or  lime  slurry  from  other 
stormwater  and  nearby  municipal  and  industrial  wastewater  treatment 
facilities  could  be  hauled  or  pumped  to  these  facilities  for  recal- 
cination. If  the  major  recalcination  plants  were  sized  to  handle 
the  peak  rates  from  the  stormwater  treatment  plants,  they  could 
also  be  used  to  produce  lime  from  crushed  limestone  during  periods 
of  low  stormwater  flow.  Additional  lime  calcination  facilities 
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ESTIMATED  UNIT  PROCESS  EFFLUENT  QUALITY 
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MUNICIPAL  AND  INDUSTRIAL  WASTEWATER  TREATMENT  PLANTS 


Note:  Applies  to  Adrian  Plant  (12  mgd) . 
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Note:  Applies  to  Monroe  Plant  (AO  mgd). 


FOR  STORMWATER  TREATMENT  PLANTS 


could  be  constructed  near  the  source  of  limestone  as  the  regional 
auxiliary  supply  point. 

Chlorine  generation  facilities  could  be  constructed  at 
several  central  locations  tc  economically  provide  the  large  quantity 
of  chlorine  necessary,  unless  it  is  deemed  preferable  to  purchase 
chlorine  from  a private  source.  Chlorine  for  the  plants  treating 
less  than  100  ngd  would  be  shipped  by  truck  in  ton  cylinders. 

Larger  plants  would  receive  chlorine  gas  in  railroad  tank  cars. 

Large  barge  terminals  for  storage  of  methanol  and  ferric 
chloride  on  a regional  basis  ate  recommended.  Delivery  tc  each 
plant  would  be  by  truck  or  rail  depending  on  consumption  at  each 
individual  plant. 

Power  could  be  purchased  from  existing  sources,  but  to 
increase  system  reliability,  construction  of  several  centrally 
located  facilities  to  serve  wastewater  plants  in  the  region 
should  be  considered.  These  plants  would  normally  be  used  to 
operate  the  treatment  facilities  and  emergency  arrangements  could 
then  be  made  with  existing  power  supplier: 

Resource  Requirements 

Land  - Land  is  required  for  both  wastewater  treatment  plant 
sites  and  for  sludge  disposal.  The  area  required  for  plant  sites 
depends  upon  the  final  plant  layout  which  is  influenced  by  the 
site  topography  and  the  size  o:  tracts  available  at  the  selected 
locations.  The  total  area  required  for  each  plant  site  has  been 
estimated  and  is  shown  with  the  cost  estimates,  Tables  & through 
17.  A land  cost  of  SI, 378  per  acre  was  used  for  estimating  the 
land  requirements  for  new  plants. 

The  area  required  for  lardfill  alternatives  is  based  on  filling 
to  a sludge  depth  of  12  feet.  Land  areas  required  are  tabu...  t < in 
Table  3.  For  purposes  of  estimating  the  landfill  area  required,  the 
average  design  flow  has  been  considered  to  remain  constant  for  the 
50-year  design  period. 
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Power  - Estimated  power  demands  for  the  proposed  wastewater 
treatment  system  are  shown  in  Table  25. 

Chemicals  - Estimated  chemical  requirements  for  each  proposed 
wastewater  treatment  plant  are  presented  in  Table  26.  Large 
quantities  of  lime  and  chlorine  will  be  required  in  all  of  the 
proposed  treatment  plants;  substantial  volumes  of  methanol  will 
also  be  required  in  the  municipal  and  industrial  wastewater  treat- 
ment plants.  Chemical  conditioning  of  the  primary  and  waste 
biological  sludge  at  the  five  largest  municipal  and  industrial 
wastewater  treatment  plants  will  require  a great  deal  of  lime 
and  ferric  chloride.  It  may  be  possible  to  substitute  polymer 
for  the  lime  and  ferric  chloride  for  sludge  conditioning,  but 
this  would  have  to  be  determined  by  pilot  scale  tests  at  each 
plant.  It  may  also  be  feasible  to  mix  lime  sludge  with  the  primary 
and  waste  biological  sludge  ^o  increase  the  dewatering  characteristics 
with  reduced  consumption  of  lime  and  ferric  chloride.  This  would 
also  have  to  be  evaluated  by  more  detailed  investigations. 

Labor  - Estimates  of  labor  of  various  skill  levels  required  to 
operate  and  maintain  the  proposed  wastewater  treatment  plants  in  the 
study  area  are  presented  in  Tables  27  and  28. 

The  estimated  work  force  required  at  the  municipal  and  industri- 
al wastewater  treatment  plants  is  considered  adequate  to  operate 
the  plants  at  the  design  flows.  Since  all  of  the  proposed  plants, 
except  Detroit,  will  initially  be  operating  at  somewhat  lower  flow 
rates,  a smaller  initial  work  force  will  be  adequate  at  those  loca- 
tions . 

In  arriving  at  the  work  force  required  to  operate  and  maintain 
the  stormwater  treatment  plants,  the  assumption  was  made  that  enough 
personnel  would  be  employed  to  operate  the  plants  at  50  percent  of 
the  maximum  design  capacity.  During  years  of  average  rainfall,  a 
little  overtime  employment  will  be  required  to  operate  the  plants 
during  the  two  wettest  months.  During  years  of  extremely  heavy 
precipitation,  permanent  employees  would  be  required  to  work  over- 
time and  additional  unskilled  employees  would  have  to  be  added  to 
the  work  force  on  a temporary  basis. 
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TABLE  25 

estimated  POWER  DEMAND 


Municipal  and  Industrial  Wastewater  Treatment  Plants 


Power  Demand 

K i 1 owa  1 1 s 

Adrian  (12  mgd) 

2,1*00 

Port  Huron  (2^4  mgd) 

A, 600 

Monroe  (1*0  mgd) 

7, 'fOO 

Wayne  County  (125  mgd) 

22,000 

Mouth  of  Huron  River  (1*00  mgd) 

66,800 

Mouth  of  Huron  River  (525  mgd) 

86,600 

Detroit  (806  mgd) 

131 ,000 

Stormwater  Treatment  Plants 

Power  Demand 
At  Maximum  Flow 
Ki lowatts 

Power  Demand 
at  Yearly 
Average  Flow 
Ki 1 owatts 

East  China  (125  mgd) 

7,000 

2,200 

Plymouth  or  Ypsilanti 
(225  mgd) 

12,000 

3,800 

Macomb 

County  (1*00  mgd) 

20,500 

6,500 

Conner 

Creek  (600  mgd) 

30,000 

9,1*00 

Monroe 

County  (1  ,000  mgd) 

1*8,000 

15,200 

Conner 

Creek  (1 ,200  mgd) 

56,600 

18,100 

Monroe 

County  (1  ,1*00  mgd) 

65,800 

20,800 

estimated  chemical  requirements 


Laboratory  Technician  L 5 6 8 24  30  L6 

Total  44  81  108  234  707  926  1,402 


THE  STORMWATER  TREATMENT  PLANTS 
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50  percent  of  maximum  capacity. 


Fuel  - An  outside  fuel  source  will  be  required  for  thermal 
conditioning,  incineration,  recalcination,  and  heating  of  plant 
buildings.  Either  natural  gas  or  fuel  oil  is  acceptable  and  car 
be  used  subject  to  availability.  Quantities  of  natural  gas  or 
fuel  oil  required  at  the  various  treatment  plants  are  presented  in 
Table  29.  Also  presented  in  Table  29  are  the  quantities  ~f  diesel 
fuel  required  for  trucks  hauling  sludge  and  ash  to  landfill  disposal. 
Time  Phasing 

The  proposed  municipal  and  industrial  treatment  plants  have 
been  designed  to  treat  specified  1990  wastewater  flows.  The  plants 
are  expected  to  have  a useful  life  of  at  least  fifty  years.  If  the 
population  and  resulting  water  usage  continues  to  increase  in  the 
study  area  beyond  the  1990  levels,  additions  to  each  plant  vill  be 
required  to  increase  capacity. 

The  proposed  stormwater  treatment  plants  are  designed  to  treat 
storm  runoff  from  areas  which  are  expected  to  develop  by  1990. 

These  plants  are  also  anticipated  to  have  a useful  life  of  at  least 
fifty  years.  Plant  additions  or  construction  of  additional  plants 
will  be  required  as  a result  of  development  patterns  evolving  in 
the  post-1990  period. 

The  Detroit  and  Port  Huron  wastewater  treatment  plants  have 
existing  incinerators  with  adequate  capacity  to  burn  all  of  the 
sludge  generated  at  Port  Huron  and  about  80  percent  of  the  sludge 
expected  from  Detroit.  The  cost  analysis  of  the  various  sludge 
disposal  methods  at  these  two  plants  showed  hauling  dewatered 
sludge  to  a landfill  to  be  more  economical  than  incineration  con- 
sidering the  need  to  maintain  high  temperatures  for  odor  control 
and  scrubbers  for  particulate  removal.  It  is  recommended  that 
incineration  be  utilized  only  throughout  the  life  of  existing 
equipment,  or  until  environmental  factors  point  toward  the  need 
for  substantial  capital  investments  for  improved  air  pollution 
control . 
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TABLE  29 

ESTIMATED  FUEL  REQUIREMENTS 


Natural  Fuel 

GasO)  Oil(') 

Mill  ions  Mill  ions 

of  of 

ft3/year  gallons/year 

Municipal  and  Industrial  Wastewater  Treatment  Plants 

D i ese  1 
Fuel (2) 
Thousands 
of 

ga 1 lons/year 

Adrian  (12  mgd) 

32 

0.22 

14.4 

Port  Huron  (24  mgd) 

45 

0.32 

26.1 

Monroe  (AO  mgd) 

421 

3.01 

26.0 

Wayne  County  (125  mgd) 

1 ,048 

7.48 

46.3 

Mouth  of  Huron  River  (400  mgd) 

1,774 

12.63 

347.2 

Mouth  of  Huron  River  (525  mgd) 

2,227 

15.87 

458.6 

Detroit  (806  mgd) 

2,953 

22.10 

939.2 

Stormwater  Treatment  Plants 

East  China  (125  mgd) 

25 

0.17 

40.0 

Plymouth  or  Ypsilanti  (225  mgd) 

356 

2.54 

5.2 

Macomb  County  (400  mgd) 

543 

3.88 

9 6 

Conner  Creek  (600  mgd) 

743 

5.30 

24.4 

Monroe  County  (1 ,000  mgd) 

1,121 

8.01 

20.8 

Conner  Creek  (1,200  mgd) 

1,215 

8.68 

49.6 

Monroe  County  (1  ,400  mgd) 

1,344 

9.59 

30.4 

(1)  Either  natural  gas  or  fuel  oil  can  be  used  for  thermal 
ing,  incineration,  recalcination  and  plant  heating. 

cond i t i on- 

(2)  Diesel  fuel  to  be  used  for 
1 andf i 11  di sposa 1 . 

hauling  sludge  and  incinerator  ash  to 
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SECTION  IV  - SUMMARY 


This  report  summarizes  investigations,  evaluations,  and 
recommended  systems  for  municipal-industrial  wastewater  and  storm- 
water treatment  in  the  southeast  Michigan  metropolitan  area. 

Flow  volumes  and  water  quality  profiles  have  been  provided  fcr 
seven  municipal-industrial  and  seven  s*rrmwater  treatment  plants. 
Based  upon  this  information  and  preliminary  submittals  to  ffc 
Detroit  District,  recommended  treatment  arrangements  have  been 
developed  for  each  site. 

The  general  sequence  cf  treatment  operations  recommended  for 
the  municipal- industrial  plants  includes  raw  waste  pumping, 
preliminary  treatment,  primary  treatment,  activated  sludge 
secondary  treatment,  biological  nitrification,  two-stage  lime 
clarification,  multi-media  filtration  (with  denitrification), 
carbon  adsorption,  and  chlorination,  Sludge  handling  arrangements 
vary  somewhat  depending  upon  existing  facilities  at  each  plant. 

In  general,  however,  thickened,  conditioned  sludge  is  dewatered 
on  vacuum  filters  and  hauled  to  landfills  for  disposal. 

Stormwater  treatment  plants  have  been  designed  assuming  primary 
treatment  will  be  provided  at  the  site  of  the  flow  equalization 
storage  facilities.  Treatment  units  recommended  herein  include 
two-stage  lime  clarification  with  recalcination  of  the  lime  sludge, 
multi-media  filtration,  and  two-stage  carbon  adsorption  with  break- 
point chlorination  for  ammonia  removal  between  the  two  stages. 

Sludge  disposal  recommendations  are  generally  for  landfill  disposal 
of  dewatered  sludge  and  waste  recalcination  ash. 
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Cost  estimates  have  been  developed  for  the  recommended  plant 
arrangements.  System  reliability  and  performance,  opportunities 
for  multiple  use  of  facilities,  and  resource  requirements  for 
construction  and  operation  of  recommended  plant  components  are 
included  herein. 

Respectfully  submitted, 

STANLEY  CONSULTANTS 


By 


Bennett  D.  Reischauer 


Approved 


L.  G.  Koehrsen,  P.E. 
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APPENDIX  A 


The  cost  curves  presented  herein  were  developed  utilizing  Stanley 
Consultants,  Inc.  internal  treatment  plant  cost  information,  costs  from 
various  equipment  manufacturers.  Environmental  Protection  Agency  cost 
information  and  cost  data  from  the  literature.  The  following  is  a list 
of  the  figures  presented: 
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F 
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F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

Fi 

F 

Fi 


gure 

A-  1 

- 

Raw  Waste  Pumping 

gure 

A- 2 

- 

Raw  Waste  Pumping 

gure 

A-3 

- 

Preliminary  Treatment 

gure 

A- A 

- 

Preliminary  Treatment 

gure 

A-5 

- 

P ri mary  Cl ari fie  rs 

gure 

A- 6 

- 

Primary  Clarifiers  with  Fe  Cl^  Addition 

gure 

A- 7 

- 

Aeration  Tanks 

gure 

A- 8 

- 

Diffused  Air  System 

gu  re 

A-9 

- 

Secondary  Clarifiers 

gure 

A-  10 

- 

Nitrification  Tanks 

gure 

A- 11 

- 

Two  Stage  Lime  Clarification 

gure 

A-  12 

- 

Multi-Media  Filtration 

gure 

A- 13 

- 

Multi-Media  Filtration-Denitrifi  cat  i on 

gure 

A-  1 A 

- 

Granular  Carbon  Adsorption 

gure 

A- 15 

- 

Chlorine  Contact  Tanks 

gu  re 

A-  16 

- 

Chlorination  Feed  System 

gure 

A- 17 

- 

Sludge  Holding  Tanks 

gure 

A- 18 

- 

Flotation  Thickening 

gu  re 

A-  19 

- 

Thermal  Conditioning 

gure 

A- 20 

- 

Anaerobic  Digestion 

gure 

A- 2 1 

- 

Vacuum  Fi 1 1 rat i on 

gure 

A- 2 2 

- 

Vacuum  Fi  1 1 rat i on 

gu  re 

A- 2 3 

- 

Multiple  Hearth  Incineration 

gure 

A-2A 

- 

Sani tary  Landf i 1 1 

gure 

A-25 

- 

Surface  Spreading 
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CONSTRUCTION  COST.  MILLIONS  OF  DOLL&RS 


DAILY  COST.  DOLLARS  PER  MGD  OF  DESIGN  CAPACITY 


DESIGN  CAPACITY.  MGD 

PRELIMINARY  TREATMENT 


COSTS  BASED  OH: 

1.  DETROIT.  JAN.,  1972.  WQO  CONSTRUCTION  COST  INDEX  Of  180.73. 

2.  AMORTIZATION  AT  7t  E OR  20  YEARS. 

3.  DESIGN  CAPACITY  EQUAL  TO  MAXIMUM  f LOW  RATE. 


COSTS  INCLUDE:  SCREENING.  GRIT  REMOVAL  AND  METERING. 


FIGURE  A-3 
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CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


TREATMENT  COST,  DOLLARS  PER  MG 


FIGURE  A-5 


STANLEY  CONSULTANTS 


DESIGN  CAPACITY.  MGD 

PRIMARY  CLARIFIERS 

COSTS  BASED  OH: 

1.  DETROIT,  JAN.,  1972,  WQO  CONSTRUCTION  COST  INDEX  OF  180.73. 

2.  AMORTIZATION  AT  7t  FOR  20  TEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR.  , 

U.  SURFACE  OVERFLOW  RATE  OF  1000  GPD/Fr. 


COSTS  INCLUDE:  FLOW  SPLITTERS,  SLUDGE  PUMPING  AND  PILE  FOUNDATIONS. 
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TREATMENT  COST.  DOLLARS  PER  MG 
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DESIGN  CAPACITY,  MGD 

AERATION  TANKS 

COSTS  BASED  ON:  

1.  DETROIT,  JAN..  1972.  NQO  CONSTRUCTION  COST  INDEX  OF  180.73. 

2.  AMORTIZATION  AT  71  FOR  20  YEARS. 

3.  AVERAGE  DETENTION  TIME  OF  <t  HOURS. 

COSTS  INCLUDE:  PILE  FOUNDATIONS. 
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STANLEY  CONSULTANTS  FIGURE  A-7 
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CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


FIRM  BLOWER  CAPACITY,  1000  CFM 

DIFFUSED  AIR  SYSTEM 

COSTS  BASED  OB: 

1.  DETROIT,  JAB.,  1972,  WQO  COBSTRUCTIOB  COST  IBDEX  OF  180.73. 

2.  AMORT  1 2AT I OB  AT  7t  FOR  20  YEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR. 

4.  POWER  COST  OF  I*  PER  KWH. 

COSTS  IBCLUDE:  BLOWERS,  DIFFUSERS.  AIR  PIPIBG  ABD  ACCESSORIES,  BLOWER  BUILDIBG  ABD  FOUBDAT IOBS 


TREATMENT  COST,  DOLLARS  PER  MG 


> 


4 » C T ft  r»  l 

ry  'T-T -y-T-’r  * 'T 


V 


^eatment 

_ AMORTIZED 


DESIGN  CAPACITY,  MGD 
SECONDARY  CLARIFIERS 


COSTS  BASEO  ON:  

1.  DETROIT.  JAN.,  1972.  WQO  CONSTRUCTION  COST  INDEX  OF  180.73 

2.  AMORTIZATION  AT  7t  FOR  20  YEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR.  - 

4.  SURFACE  OVERFLO*  RATE  OF  800  GPD/FT  . 


COSTS  INCLUDE:  RETURN  SLUDGE  PUMPING  AND  PILE  FOUNDATIONS 


FIGURE  A-9 


CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


TREATMENT  COST.  DOLLARS  PER  MG 


I 10  100  >000 

DESIGN  CAPACITY,  MGO 

NITRIFICATION  TANKS 

COSTS  BASED  ON: 

1.  DETROIT,  JAN.,  >972,  WQO  CONSTRUCTION  COST  INDEX  OF  180.73. 

2.  AMORTIZATION  AT  7t  FOR  20  YEARS. 

3.  AVERAGE  DETENTION  TIME  OF  5 HOURS. 

COSTS  INCLUDE:  PILE  FOUNDATIONS. 


STANLEY  CONSULTANTS 
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FIGURE  A- 10 


CONSTRUCTION  COST,  MILLIONS  OF  DOLLARS 


I°tal  treatment 


MORTIZED 


DESIGN  CAPACITY,  MGD 

TWO  STAGE  LIME  CLARIFICATION 

COSTS  BASED  ON:  

1.  DETROIT,  JAN.,  1972,  WQO  CONSTRUCTION  COST  INDEX  OF  180.73. 

2.  AMORTIZATION  AT  7t  FOR  20  YEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR. 


4.  LIME  DOSAGE  = 200  mg/I,  LIME  COST  = $18.50  PER  TON. 
b.  NO  RECALCINATION  FACILITIES. 


COSTS  INCLUDE:  TWO  MIXING.  FLOCCULATION  AND  CLARIFIER  UNITS,  CHEMICAL  STORAGE  AND  FEED  EQUIPMENT 
RECARBONA  T I ON  FACILITIES. 


FIGURE  A 
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OF  DOLLARS 


TREATMENT  COST.  DOLLARS  PER  MG 


DESIGN  CAPACITY,  MGD 

MULTI -MEDIA  FILTRATION 

COSTS  BASED  ON: 

1.  DETROIT,  JAN.,  1972,  WQO  CONSTRUCTION  COST  INDEX  OF  180.73, 

2.  AMORTIZATION  AT  7%  FOR  20  TEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR 

4.  FILTRATION  RATE  OF  4 GPM/F12. 


STANLEY  CONSULTANTS 
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FIGURE  A- 1 2 


CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 
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FIGURE  A- 1 3 
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DESIGN  CAPACITY,  MGD 

MULTI -MEDIA  F I LTRAT  ION -DEN  I TR I F I CAT  I ON 

COSTS  BASED  OB:  

1.  DETROIT,  JAB.,  1972,  BQO  COBSTRUCTIOB  COST  IBDEX  OF  180.73. 

2.  AMORTIZATIOB  AT  7t  FOR  20  YEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR. 

R.  FI LTRAT I OB  RATE  OF  R GPM/FT2. 

5.  OPERATIOB  ABO  MAIBTEBABCE  COSTS  OF  METHABOL  ADDITION  FOR  REMOVIBG  20  mg/I  OF  BO,-B  IB  THE  PRESEBCE 
OF  S mg/I  OF  DISSOLVED  OXVGEB  ESTIMATED  AT  $20  PER  Ml  LL I OB  GALLOBS. 

COSTS  IBCLUOE:  METHABOL  STORAGE  ABD  FEED  EQUIPMEBT. 


CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


TREATMENT  COST,  DOLLARS  PER  MG 


1.0  0.1 


I 10  100  1000 

DESIGN  CAPACITY.  MGD 

GRANULAR  CARBON  ADSORPTION 

COSTS  BASED  OH  — 

1.  DETROIT.  JAN..  1972  WQO  CONSTRUCTION  COST  INDEX  OE  180.73. 

2.  AMORTIZATION  AT  7t  FOR  20  TEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR. 

4.  AVERAGE  CARBON  CONIACT  1 1 ME  OF  APPROX  I MA 1 E IT  IS  MINUTES  AND  CARBON  DOSAGE  OF  2S0  TO  300  POUNDS  PI R 
MILLION  GALLONS. 


STANLEY  CONSULTANTS 


FIGURE  A- 1 4 


CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


DOLLARS  PER  MG 


MORTIZE  D 


DESIGN  CAPACITY,  MGD 

CHLORINE  CONTACT  TANKS 

COSTS  BASED  ON:  

DETROIT , JAN..  1972.  WJO  CONSTRUCTION  COST  INOEX  Of  180.73. 

2.  AMORTIZATION  AT  7t  FOR  20  TEARS. 

3.  DETENTION  TIME  Of  IS  MINUTES  AT  MAXIMUM  F LON  RATE. 

COSTS  INCLUDE:  PILE  FOUNDATION. 


FIGURE  A- 1 5 
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TREATMENT  COST.  DOLLARS  PER  IOO  LB. 


p 

s 

100  1,000  10.000 

CHLORINE  DOSAGE,  LBS.  PER  DAY 

CHLORINATION  FEED  SYSTEMS 

COSTS  BASED  OK: 

1.  OETROIT,  JAN.,  1972,  WQO  CONSTRUCTION  COST  INDEX  Of  180.73. 

2.  AMORTIZATION  AT  7t  FOR  20  YEARS. 

3.  LABOR  RATE  OF  |6.00  PER  HOUR. 

4.  MINIMUM  CHLORINE  COST  OF  3.6<  PER  POUND  AT  CHLORINE  USAGE  GREATER  THAN  1.000  TONS  PER  YEAR. 


STANLEY  CONSULTANTS 
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FIGURE  A- 16 


CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


COST.  DOLLARS  PER  1.000  CUBIC  FEET/DAY 


1000  CUBIC  FEET 


ING  TANKS 


FIGURE  A- 1 7 


CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


COSTS 


DRY  SOLIDS,  TON  PER 

FLOTATION  THICKEN 

BASED  0*: 

OETROIT,  JAB.,  1972.  WQO  CONSTRUCTION  COST  INDEX  Of  180. 
AMORTIZATION  AT  7%  fOR  20  YEARS. 

LABOR  RATE  OF  $6.00  PER  HOUR. 

POWER  COST  OF  \t  PER  XWH. 

INFLUENT  SLUDGE  WITH  A SOLIDS  CONTENT  OF  O.St. 

SURFACE  LOADING  RATE  Of  IN  .4  LB/FT. 2/DAY. 


iN'f  MNAtiOftAl  ' UNITS  m f NOMtf  tT>  »•<  Mi’ll  ',»*W  P|  ANIWNI,  A«)WMOtM|N' 


STANLEY  CONSULTANTS 


FIGURE  A-  1 8 


TREATMENT  COST.  DOLLARS  PER  DRY  TON 


AMORTIZED 


DRY  SOLIDS,  TONS  PER  DAY 
THERMAL  CONDITIONING 


COSTS  BAST 0 OH:  — 

1.  DETROIT.  JAN..  1972.  WQO  CONSTRUCTION  COST  INDEX  OF  180.73. 

2.  AMORTIZATION  AT  71  FOR  20  TEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR. 

4.  168  HOURS  OF  OPERATION  PER  WEEK. 

5.  FUEL  COST  OF  $0.70  PER  I0«  BTU . 

6.  INFLUENT  SLUDGE  OF  381  PRIMARY  AND  621  WASTE  ACTIVATED  WITH  A SOLIDS  CONTENT  OF  3.51 


FIGURE  A- 1 9 
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CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


TREATMENT  COST.  DOLLARS  PER  1.000  FT3/DAY 


IPtal  treatment  COST 


FIGURE  A-20 


o.oi 


100  1.000  10.000 

DIGESTER  VOLUME,  1,000  FT3 

ANAEROBIC  D I GEST  I ON 

COSTS  BASED  Oft:  

1.  DETROIT,  JAN..  1972.  WQO  CONSTRUCTION  COST  INDEX  Of  180.73. 

2.  AMORTIZATION  AT  71  f OR  20  YEARS. 

3.  LABOR  RATE  OF  $6.00  PER  HOUR. 


COSTS  INCLUDE:  SLUDGE  HEATING.  CIRCULATING  AND  CONTROL  EQUIPMENT. 


100,000 


STANLEY  CONSULTANTS 


CONSTRUCTION  COST,  MILLIONS  OF  DOLLARS 


TREATMENT  COST.  DOLLARS  PER  TON 


I 10  100 

DRY  SOLIDS.  TON  PER  DAY 

VACUUM  FILTRATION 

COSTS  BASED  ON:  

I.  LABOR  RATE  OF  $6.00  PER  HOUR. 

CURVE  A - PRIMARY  AND  HASTE  BIOLOGICAL  SLUDGE 
HI  TM  CHEMICAL  CONDI  TIONING 
CURVE  B - CHEMICAL  SLUDGE  FROM  LIME  CLARIFICATION 
HITHOUT  CHEMICAL  CONDITIONING 


STANLEY  CONSULTANTS 


FIGURE  A -22 


TREATMENT  COST,  OOLLARS  PER  DRY  TON 


I Hll.  *6*.  44 


Meatmen  r 


DRY  SOLIDS,  TONS  PER  DAY 

MULTIPLE  HEARTH  INCINERATION 

COSrS  BASED  OB: 

1.  DETROIT.  JAB.,  1972.  WQO  COBSTRUCTIOB  COST  I BDEK  OE  180.73. 

2.  AM0RTI2ATI0B  AT  7'  TOR  20  TEARS. 

3.  LABOR  RATE  Of  $6.00  PER  HOUR. 


COSTS  IBCLUDE:  EXHAUST  GAS  SCRUBBER  ABD  EBCLOSIBG  STRUCTURE. 


STANLEY  CONSULTANTS 


FIGURE  A-23 
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CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


quantity,  tons  per  day 

SANITARY  LANDFILL 


COSTS  BASED  OH: 

1.  AMOKTI2ATIOH  AT  7 E OH  20  TEAKS 

2.  LABOK  KATE  OE  $6.00  PEK  HOUK . 


STANLEY  CONSULTANTS 


^ LAND) 

AMORTIZED  (EXCLUDING  LAND) 


DRY  SOLIDS.  TONS  PER  DAY 


SURFACE  SPREADING 

COSTS  BASED  ON:  — 

1.  DETROIT.  JAN..  1972  NpO  CONSTRUCTION  COST  INDEX  OE  180.73. 

2.  AMORTIZATION  AT  7'  TOR  20  YIARS. 

3.  LABOR  RATE  Of  $6.00  PER  HOUR. 

9.  APPLICATION  RATE  Of  26  DRY  TONS  PER  ACRE. 

6.  SLUDUE  DILUTED  TO  A SOLIDS  CONTENT  OE  2',  f OR  SPRAY  DISTRIBUTION. 


COSTS  INCLUDE:  STORAGE  LAGOONS.  DILUTION  NELLS.  PUMPING  STATION,  PIPING  AND  SPRAY  DISTRIBUTION  EQUIPMENT. 


STANLEY  CONSULTANTS 


FIGURE  A-25 


1000 


10.000 


CONSTRUCTION  COST.  MILLIONS  OF  DOLLARS 


